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Endothall Summary of Analytical Chemistry and Residue Dala DP#: 356315 

This document was originally prepared under contract by Dynamac Corporation (1910 Sedwick 
Road, Building 100, Suite B; Durham, NC 27713). The document has been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness, and to reflect 
current Office of Pesticide Programs (OPP) policies. 

Executive Summary 

Endothall is a selective contact herbicide, defoliant, desiccant, and aquatic algaecide belonging to 
the dicarboxylic acid chemical class. The free acid of endothall and its dipotassium and mono
N,N-dimethylalkyl-amine salts (monoalkylamine) are registered in the United States primarily as 
aquatic herbicides for the control of a variety of plants in water bodies. This includes irrigation 
canals, but only with a 7 day holding period. Endothall is also registered for desiccation/de
foliation of alfalfa/clover (grown for seed only), cotton, and potatoes prior to harvest, and for 
reduction of sucker branch growth in hops. Permanent tolerances have been established for the 
combined residues of endothall and its monomethyl ester at 0.1 ppm in/on cotton seeds, fish, 
dried hops and potatoes, and at 0.05 ppm inion rice grain and straw [40 CFR §!80.293(a)(I)]. 
An interim tolerance of 0.2 ppm has also been established for endothall,per se, in potable water 
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resulting from the use of the monoalkylamine or dipotassium salts of endothall for control of 
aquatic plants in canals, lakes, ponds and other potential water sources. An interim tolerance has 
also been established for endothall on sugar beet at 0.2 ppm [40 CFR §180.319]. 

There are currently three endothall end-use products registered to United Phosphorus, Inc. (UPI) 
for control of algae and aquatic weeds in drainage and irrigation canals, including two 
monoalkylamine salt formulations and a dipotassium salt formulation. The monoalkylamine salt 
of endothall is formulated as either a 2 lb ae/gal SC/L formulation (EPA Reg. No. 70506-175) or 
an 11% granular (G) formulation (EPA Reg. No. 70506-174), containing 5% ae. The 
dipotassium salt is formulated as a 4.23 lb ail gal SCIL (EPA Reg. No. 70506-176), which is 
equivalent to 3.0 lb ae/gal SC/L. [In order to avoid the complications of different molecular 
weights for different salts, endothall concentrations are expressed as the free acid equivalents 
(ae).] Labels for these products allow for repeated broadcast applications to irrigation canals at 
rates yielding endothall concentrations of up to 5 ppm ae for the monoalkylamine salt and 3.5 
ppm ae for the dipotassium salt. The labels do not currently specifY a maximum number of 
applications per season or a maximum seasonal use rate. Depending on the concentration in the 
treated water, the use directions specifY minimum holding times of 7 days (0.3 ppm rate) to 25 
days (5 ppm rate) prior to using the treated water for irrigation of crops. 

Interregional Research Project No.4 (IR-4) has proposed amending the use directions for the 2lb 
ae/gal SC/L monoalkylamine salt and the 3 lb ae/gal dipotassium salt of endothall to remove the 
holding times after water is treated with endothall before it can be used to irrigate crops, which 
would enable use of endothall on moving water in canals etc, and would effectively create a zero 
day PHI. The amended uses specify minimmn retreatment interval (RTI) of? days for irrigation 
canals and a maximum seasonal use rate of30 ppm ae per season (6 applications at up to 5 ppm 
ae/application). In conjunction with the proposed amendments, IR-4 has proposed the following 
tolerances for indirect or inadvertent residues of endothall on irrigated crops: 

Vegetable, root and tuber, group 1 .................................................. .2 ppm 
Vegetable, leaves of root and tuber, group 2 .................................. .3.5 ppm 
Vegetable, bulb, group 3-07 ............................................................. 2 ppm 
Vegetable, leafy, except Brassica, group 4 ..................................... .3.5 ppm 
Vegetable, Brassica, leafy, group 5 .................................................. 0.1 ppm 
Vegetable, legmne, group 6 ............................................................ .3 ppm 
Vegetable, fruiting, group 8 ............................................................. 0.05 ppm 
Vegetable, cucurbit, group 9 ............................................................ 1.1 ppm 
Fruit, citrus, group 10 ....................................................................... 0.05 ppm 
Fruit, pome, group 11 ....................................................................... 0.05 ppm 
Fruit, stone, group 12 ....................................................................... 0.25 ppm 
Berry and small fruit, group 13-07 ................................................... 0.6 ppm 
Nut, tree, group 14 ........................................................................... 0.05 ppm 
Almond, hulls ................................................................................. ! 0 ppm 
Grain, cereal, group 15 ..................................................................... 2.5 ppm 
Grain, cereal, forage, fodder and hay, group 16, forage ................... 3.5 ppm 
Grain, cereal, forage, fodder and hay, group 16, hay ....................... 5 ppm 
Grain, cereal, forage, fodder and hay, group 16, stover ................. 11 ppm 
Grain, cereal, forage, fodder and hay, group 16, straw .................... 6 ppm 
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Grain, aspirated fractions ............................................................... 24 ppm 
Grass, forage fodder, and hay, group 17, forage .............................. 3 ppm 
Grass, forage fodder, and hay, group 17, hay ................................. l9 ppm 
Nongrass animal feed, group 18, forage ........................................ .3.5 ppm 
Nongrass animal feed, group 18, hay ............................................... 8 ppm 
Grape ................................................................................................ 0.9 ppm 
Peppermint tops ............................................................................... 7 ppm 
Spearmint tops ................................................................................. ? ppm 
Rice, grain ........................................................................................ l.7 ppm 
Rice, straw ........................................................................................ 4.5 ppm 

The qualitative nature of endothall residues in plants is adequately understood based upon the 
metabolism studies on alfalfa, cotton and sugar beets. The qualitative nature of endothall 
residues in livestock is also understood based upon the adequate goat and poultry metabolism 
studies. The Agency has concluded that endothall and its monomethyl ester are the residues of 
concern in both plant and animal commodities for purposes of the tolerance expression and risk 
assessment. The residue of concern in water is only endothall. 

A GC method with microcoulometric nitrogen detection is listed as Method I in the Pesticide 
Analytical Manual (PAM, Volume II) for determining endothall residues inion crop 
commodities, and a confinnatory HPLC/MSD method (Method No. KP218RO) is also available 
for determining residues of endothall and its monomethyl ester in fish and residues of endothall 
in plant commodities. For the irrigated crop field trails and processing studies submitted with the 
current petition, endothall residues inion plant commodities were determined using an adequate 
LC/MS/MS method (Method No. KP-242Rl). For this method, residues are extracted with water 
and then derivatized with heptafluoro-pMtolylhydrazine (HFTH) in 50% H3P04• The derivatized 
residues are cleaned up by solvent partitioning and elution through a solid phase extraction (SPE) 
cartridge. Residues are then analyzed by LC/lvfS/MS using external standards for quantitation. 
Residues are expressed in endothall acid equivalents, and the validated limit of quantitation 
(LOQ) for endothall is 0.05 ppm for plant commodities. 

Adequate storage stability data are available supporting the sample storage conditions and 
durations for the irrigated crop field trials and processing studies. The newly submitted storage 
stability data indicate that endothall is stable for up to 15 months in frozen tomatoes, lettuce, 
sugar beet roots, and corn grain and for up to I 0 months in soybean seeds and oil. 

The submitted field trial data on irrigated crops were conducted according to the previously 
submitted protocol. Two to four field trials were conducted on each of the following crops in 
their major growing regions: JX)tato, carrot, sugar beet, green and bulb onions, leaf and head 
lettuce, cabbage, succulent podded peas and beans, dry beans, soybean, tomato, cucumber, 
orange, apple, peach, blueberry, blackberry, grape, pecan, almond, field and sweet corn, 
sorghum, wheat, rice, alfalfa, grasses and mint. These crops were selected to represent the major 
crop groups. In each field trial, the monoalkylamine salt of endothall (2 lb aelgal SC/L) was used 
to treat the irrigation water at a rate of -5 ppm ae, and the treated water was then applied via 
overhead sprinklers as six broadcast foliar applications at RTis of 5M I 0 days. [The target 
application volume in each trial was equivalent to -1 acre inch of water (27, 154 gal/ A). Based 
on the concentration of the endothall in the irrigation water and the amount of water applied, the 
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application rates for endothall were equivalent to 1.10-1.25lb ae/A/application, for totals of 
5.64-7.17lb ae/Nseason.] We note that each field trial comprised only a single plot that was 
then sampled twice to provide two results. 

With only a few exceptions, samples of the regulated raw agricultural commodities (RACs) from 
each crop were harvested on the day of the sixth application (0 days after treatment, DAT). The 
0 DAT exceptions comprise soybean seed harvested from one plot at 1 DAT, wheat grain and 
straw (and also the source of the aspirated grain fraction result) harvested from one plot at 1 
DAT, rice grain and straw harvested from one plot at 1 DA T, some of the grass samples 
harvested at 1 -2 DAT. (Interestingly, much higher results were found for the single soybean 
seed and single wheat grain samples harvested at 1 DAT than for the other soybean samples and 
wheat grain samples harvested at 0 DAT. This was not true for rice.) In addition, in the field 
com, sorghum and wheat field trials, samples of forage and hay (wheat only) were collected at 0 
DAT, but following only 2 or 3 applications of endothall treated water. 

Side-by-side tests were also conducted on some of these crops (sugar beets, lettuce, cucumber, 
and peaches) comparing application of the dipotassium salt of endothall (3 lb ae/gal SC/L) with 
the monoalkylamine salt. Although the dipotassium salt was applied to the irrigation water 
following the label directions for that salt, the resulting concentration ofendothall in the water 
was 3.5 ppm ae (0. 7x rate). [The application rates for the dipotassium salt were equivalent to 
0. 74-091 lb ae/ Napplication, for totals of 4.67-5.07 lb ae/Nseason.] 

Several deficiencies were noted in the field trials (see below), but the submitted field trial data 
can generally be considered adequate for assessing inadvertent residues of endothall on irrigated 
crops. Results should be very conservative. 

The residues determined in the 0 DAT samples should represent an over-estimate of residues for 
many of the crops tested because irrigation on the day of harvest would be highly unlikely to 
occur in commercial harvesting procedures. Crops and commodities which would be unlikely to 
be irrigated just prior to harvest include: sugar beets, carrots, potatoes, dry bulb onions, dried 
peas and beans, soybeans, tree nuts, field com grain and stover, sorghum grain and stover, wheat 
grain and straw, and rice grain and straw. 

Also, all crops were overhead irrigated. For grapes at least, according to BEAD, the vines may 
be overhead irrigated when not in fruit, as in these trials, but are usually only irrigated by drip 
irrigation once in fruit, to reduce the growth of mold on the grape. In addition, HED notes that 
phytotoxicity was reported on a number of the crops tested, including legume vegetables, 
cucumbers, apple trees, peach trees, grape vines, mint and grass. The phytotoxicity generally 
appeared beginning after the second application and consisted of leaf chlorosis and necrosis, with 
some crops also having reduced growth and stunting. The occurrence of phytotoxicity on a wide 
range of crops suggests that repeated irrigation with water containing high levels (5 ppm) 
endothall is m1likely to occur m1detected under normal agricultural conditions. Finally, of 
course, the application rate used was, appropriately, at the maximum permitted rate, and the 
number of applications at the high end of the number of treatments expected in a season. As 
always, it is expected that the maximum rate and maximum number of treatments will not be 
often used. 
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Adequate processing studies were submitted for all possible irrigated crops, with the exception of 
oil seed crops and processing of grapes to grape juice. Although no processing data were 
submitted for any crops in the "Oilseeds Crop Group", the available soybean processing study 
can serve that purpose in this case and indicates that endothall residues are unlikely to 
concentrate in either oilseed meal or refined oil. Because there were problems in study for 
processing grapes into grape juice, a maximum theoretical processing factor of 1.2x has been 
used in place of the study data. Grape juice can therefore take the same tolerance as grapes. 

Based on the highest average field trial (HAFT) residues for the various irrigated crops and the 
observed processing factors, separate tolerances are required for the following processed 
commodities at the recommended levels: apple wet pomace (0.15 ppm), raisins (3 ppm), dried 
citrus pulp (0.1 ppm), rice hulls (5 ppm), soybean hulls (0.3 ppm), sugar beet molasses (1.2 
ppm), tomato paste (0.1 ppm), and wheat milled byproducts (5 ppm). The wheat grain 
processing study also indicates that endothall residues can concentrate in aspirated grain fractions 
(AGF) by 15x. Based on the HAFT residues for wheat grain, which were the highest for all 
grains, an appropriate tolerance for AGF would be 30 ppm. 

No cattle and poultry feeding studies have been submitted for endothall. Considering the 
exposure oflivestock to endothall residues through both the consumption of feedstuffs from 
irrigated crops and from the drinking of endothall treated water treated at 5 ppm endothall ae, the 
calculated maximum dietary exposure of livestock to endothall is 27.7 ppm for beef cattle, 35.8 
ppm for dairy cattle, 16.8 ppm for poultry, and 19.7 ppm for swine. 

Proposed tolerances in meat tissues have therefore been based upon these dietary burdens and 
upon the TRR developed in the meat tissues when goats and chickens were fed radio labeled 
endothall for the metabolism studies. Approval will require confirmatory submission of the 
required feeding studies. 

The Agency has concluded that the only residues of significance in rotated crops are endothall 
and its monomethyl and dimethyl esters. Although data from limited field rotational crop trials 
have been previously required, the inadvertent exposure of crops to endothall via the use of 
treated irrigation water will exceed the potential exposure of crops from being planted in rotation 
with endothall treated primary crops. Therefore, the establishment of tolerances for 
indirectlinadvertent residues of endothall on the proposed irrigated crops precludes any further 
need for limited field rotational trial data or for rotational crop tolerances. 

Regulatory Recommendations and Residue Chemistry Deficiencies 

Several deficiencies were noted in the subject petition, but none of these would preclude 
establishing permanent tolerances for inadvertent endothall residues inion irrigated crop 
commodities. Although the following deficiencies were noted in the irrigate crop field trials, no 
action is required to resolve these deficiencies. 

• The bridging studies comparing the use of the monoalkylamine and dipotassium salts of 
endothall were of limited use as the two formulations were applied at different rates. In 
terms of acid equivalents, the monoalkylamine salt was applied at a concentration of 5 
ppm and the dipotassium salt was applied at a concentration of3.5 ppm, which is the 

6 of 59 

6 



Endothall Swnmary of Analytical Chemistry and Residue Data DP#: 356315 

maximum allowed use rate of the dipotassium salt (0.7x rate for the monoalkylamine 
salt). For each of the crops tested with both salt formulations, endothall residues were 
0.6~0.9x lower for the dipotassium salt than for the monoalkylamine salt, which is 
consistent with the lower use rate for the dipotassium salt. Although the bridging studies 
do not allow for direct comparison of the two salts, the data do indicate that endothall 
residues resulting from application of the dipotassium salt to irrigation canals would 
generally be expected to be lower than from the monoalkylamine salt, when both are 
applied according to current label directions. 

• Spinach should have been used as the representative leafY vegetable crop, as foliar 
applications generally result in higher residues on spinach than on lettuce (leaf and head) 
or celery. 

• Mustard greens should have been used as the representative Brassica vegetable crop, as 
foliar applications generally result in higher residues on mustard greens than on broccoli, 
cauliflower or cabbage. 

• Field corn forage, sorghum forage and wheat forage and hay only received 2~3 
applications prior to harvest. For these crops, separate plots should have been established 
for collection of forage and hay samples so that all six applications could have made prior 
to harvest of forage and hay. 

• No field trials were· conducted on an oil seed crop such as, canola, flax, safflower, or 
sunflower. 

• No field trials were conducted on peanuts, which is a major field crop. 

The following additional deficiencies were also noted in the submitted petition; however, these 
deficiencies must be resolved as a condition of registration. 

• Data are required indicating whether or not the submitted LC/MS/MS method is capable 
of extracting and recovering the monomethyl ester of endothall. 

• Dairy cattle and laying hen feeding studies are required to support immediate application 
of endothalHreated irrigation water to crops. 

• A revised Section F is required including the recommended tolerances on RACs and 
processed commodities from irrigated crops. 

HED recommends for establishing pennanent tolerances for indirect or inadvertent residues of 
endothall on irrigated crops. The recommended tolerances for the various crops and crop groups 
and their associated processed commodities are listed in Table 10. The tolerances for irrigated 
crops should be established under 40 CFR §!80.293(d). A human health risk assessment for 
endothall is forthcoming. 
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Background 

Endothall is a dicarboxylic acid that is a selective contact herbicide, defoliant, desiccant, and 
aquatic algaecide. The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 
038904) and monoalkylamine (PC Code 038905) salts are registered primarily as aquatic 
herbicides for the control of a variety of plants in water bodies, including irrigation canals. 
However, these uses require a minimum 7 day holding period before the water can be used on 
crops. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed 
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops. 
The Reregistration Eligibility Decision (RED) for endothall was issued September 2005. 

Permanent tolerances are established for the combined residues of endothall and its mono methyl 
ester at 0.1 ppm inion cotton seeds, dried hops and potatoes, and at 0.05 ppm inion rice grain and 
rice straw [40 CFR §180.293(a)(!)]; and an interim tolerance has also been established for 
endothall on sugar beet at 0.2 ppm [ 40 CPR § 180.319]. These tolerances are intended to cover 
intended direct use of endothall on these crops. Pennanent tolerances are also established for 
fish at 0.1 ppm straw [40 CFR §180.293(a)(l)]. 

Residue data supporting irrigation of crops with endothall treated water were previously 
submitted using cabbage, celery, grapefruit, peppers and turnips as representative crops. 
However, these studies were deemed inadequate to support the establishment of crop group 
tolerances. Additional data were required for other representative crop group commodities and 
the irrigated crop studies were conducted using endothall in the water at 3 ppm, which is 0.6x the 
maximum application rate of 5 ppm for aquatic sites. The Endothall RED reiterated the need for 
extensive crop field trials to support the use of treated irrigation water on crops. The application 
rate in these tests needed to reflect the maximum aquatic use rate of endothall (5 ppm) and the 
maximum possible munber of applications per season. 

In response to the above requirements, IR-4 has proposed amendments to the use directions for 
endothall on irrigation canals and has submitted extensive crop field trials to support tolerances 
on irrigated crops (PP#8E7419) when endothall is used with a zero day holding period. The 
chemical structure and nomenclature of endothall and its salts are listed in Table 1. The 
physicochemical properties of technical grade endothall and its salts are listed in Table 2. 
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Table 1. Structure and Nomenclature ofEndothall and its Salts. 

Chemical Structure 0 

c OH 

OH 

0 
Common name Endothall 
Molecular Formula C H1o0s 
Molecular Weight 186.16 
lUPAC name 7-oxabi clo 2.2.1 he tane-2,3-dicarbox lie acid 
CAS name 7-oxabicvclo 2.2.1 he tane-2,3-dicarbox lie acid 
CAS# 145-73-3 
PC Code 038901 
Current Food/Feed Site Registration Cotton, hops, potato, alfalfa grown for seed 
Chemical Structure 0 

- • 
0 K 

0 - ' 0 K 

0 
Common name Endothall di otassium salt 
Molecular Formula CsH K,O~ 
Molecular Weight 262.33 
IUPACname Not available 
CAS name Not available 
CAS# 2164-07-0 
PC Code 038904 
Current Food/Feed Site Re istration Cotton, hoos, otato, alfalfa ,grown for seed, a uatic uses 
Chemical Structure 0 

c - H3C\ + 0 

OH 
l-CH,(n)CH, 

I 
H,C 

0 (n=7-17) 

Common name Endothall, mono-N,N-dimethvlalkyl amine salt 
Molecular Formula Not available 
Molecular Weight Avera e: 422 
IUPAC name 7-oxabicyclo(2.2.1]heptane-2,3-dicarboxylic acid, compound with N,N-

dimeth Jcocoamine 
CAS name Not available 
CAS# 66330-88-9 
PC Code 038905 
Current Food/Feed Site Registration Cotton, hops, potato, alfalfa grown for seed, aquatic uses 
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Table 2. Physicochemical Properties ofEndothall and its Salts. 

Parameter Value Reference 

Endothall (acid 
Melting point 108*1 JOt: DP# 304026, D. Soderberg, 
pH 2.7 at 25't 1% solution 611012004 ' 

Density, bulk density, or specific 
Lgravity_ 

0.481 g/cm3 (bulk) at 25t: 

Water solubility at 25't 109.8 giL 
13. l g/100 mL in water, pH 5 
12.7 g/100 mL in water, pH 7 
12.5 dwo mL in water, pH 9 

Solvent solubility at 25 't 3.4 g!IOO mL in acetonitrile 
2.4 gi!OO mL in n-octanol 
16.0~ 121100 mL in tetrahydrofuran 

Vapor pressure 3.92 x l o·s mm Hg at 24.3 't 
Dissociation constant, pK, 4.32 for Step I and 6.22 for Step 2 at 20t: (0.2% 

solution in 20% basic ethanol); dissociation rate 
1.8-2.3 x 103 ~-tmho within 3-5 minutes at 025't, 
bv conductivity meter 

OctanoVwater artition coefficient Not a Jicable to endothall acid 
UV/visible absorption spectrum Not available 

Endothail di otassium salt 
Melting point >360't DP# 304026, D. Soderberg, 
pH 9.1 at 25't (1% solution 6/J0/2004 

Density, bulk density, or specific 
I gravitY 

0.766 g/cm3 (bulk) at 25't 

Water solubiljty >65 g/100 mL in water, pH 5, pH 7, and pH 9 
Solvent solubility <0.001 g/100 mL in acetonitrile, n-octanol, and 

tetrahydrofuran 
Vapor pressure Not applicable. An organic acid K salt is 

anticipated to have an insignificant vaoor oressurc. 
Dissociation constant, pK, 4.16 for Step I and 6.14 for Step 2 at 20t: in 

water; dissociation complete at 5 mins (13.6 x 103 

mho.) 

Octanol/water partition coefficient Kow <0.02 and <0.3 at concentrations of9 x 10· 
M and 9 x I 0-4 M, respectively, at 25't 

UV /visible absorption spectrum Not available 

Endothall mono-N,N-dimethylalkyl amine salt 
Boiling point Not available DP# 304026, D. Soderberg, 
pH 5.2 at 25t: (1% solution) 611012004 
Density, bulk density, or specific 
I gravitY 

1.028 g/mL at 25't 

Water solubility at 25't 2:49.2 g!IOOmL in water, pH 5 
2:51.6 g/100 mL in water, pH 7 
>49.8 ;ilwo mL in water, oH 9 

Solvent solubility at 25't 2:!02.5 g!IOOmL in acetonitrile 
;;.:95.4 g/100 mL in n-octanol 
> 104.3~ g1ioo mL in tetrahydrofuran 

Vapor pressure 2.09 x Jo-s mm Hg at25t: (calculated; mixed 
mono- and dialkvlamine (C8-C20)) 

Dissociation constant, pK, 4.24 for Step l and 6.07 for Step 2 at 20t: for 
mixed mono- and dialkylamine (C8-C20) in 
acidified ethano!/water; dissociation complete 
017 minutes (1.7 x 103 )!mho) at 25't 

Oc!anol/water partition coefficient Kow 2.097 at concentrations of8.9 x w·) M and 
8.9 x 10-4M, at 25't 

UV/visible absorption spectrum Not available 
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860.1200 Directions for Use 

There are currently three endothall end·use products registered to UPJ for control of algae and 
aquatic weeds in drainage and irrigation canals, including two monoalkylamine salt formulations 
and a dipotassium salt formulation. The monoalkylamine salt of endothall is formulated as either 
a 2 lb ae/gal SC/L formulation (Hydro tho I 191; EPA Reg. No. 70506-175) or an II% G 
formulation (Hydrothol Granular; EPA Reg. No. 70506-174), which contains 5% acid equivalent 
of endothall. The dipotassium salt is formulated as a 4.23 lb ai/gal SC/L (Aquathol® K; EPA 
Reg. No. 70506-176), which is equivalent to 3.0 lb ae/gal SC/L. 

The current labels for these products allow for repeated broadcast applications to irrigation canals 
at rates yielding endothall concentrations of up to 5 ppm ae for the monoalkylamine salts and 3.5 
ppm ae for the dipotassium salt. (HED notes that the label directions for the dipotassium salt are 
expressed in lb ai rather than lb ae; therefore the use rates for the dipotassium salt are ~0. 7x the 
use rates for the monoalkylamine salt.) The labels do not currently specify a maximum number 
of applications per season or a maximum seasonal use rate. Depending on the concentration in 
the treated water, the use directions specify minimum holding times of7 days (0.3 ppm rate) to 
25 days (5 ppm rate) prior to using the treated water for irrigation of crops. 

IR-4 is supporting an amendment to the use directions for the 2 lb ae/gal SC/L monoalkylamine 
salt and ~he 3 lb ae/gal SCIL dipotassium salt of endothall to remove the holding time restriction 
for using endothall-treated water from irrigation canals for the irrigation of crops. The amended 
uses also specify a minimum RTJ of7 days and a maximum seasonal use rate of30 ppm ae per 
season. Example labels containing the proposed use directions were provided and are 
summarized below in Table 3. 

Table 3. Summary of Proposed Usc Directions for Endothall Salts on Irrigation and Drainage Canals. 

Applic. Timing, 
Formulation 1 

Applic. 
Maximum 

PHI 
TYPe, and Equip. 

[EPA Reg. 
Rate 2 Seasonal 

(days) Use Directions and Limitations 
No.] Rate 2 

Endothall Monoalkylamine Salt (PC Code 038905) 

A minimum 7·day RTI is specified. 
Broadcast surface 
application to 2.0 lb ae/gal Do not use treated water for domestic purposes or 

water; ground 
SC/L 5.0 ppm 30ppm o' animal consumption within the following period: 

[70506-175] 0.3 ppm· 7 DAT; 3.0 ppm· 14 DAT; and 
equipment 

5.0 ppm· 25 DAT. 

Endothall dipotasstum salt (PC Code 038904) 

A minimum 7-day RTT is specified. 
Broadcast surface 
application to 

3.0 lb ae/gal Do not use treated water for domestic purposes or 

water; ground 
SCIL 3.5 ppm 21ppm 0 ' animal consumption wilhin the following period: 

[70506-176] 0.3 ppm- 7 DAT; 3.0 ppm- 14 DAT; and 
equipment 

5.0 ppm· 25 DAT. 

' The formulatmns are expressed mlb endothall ae/gal. 
2 The maximum single and seasonal application rates are expressed in concentration of the endothall acid. The 30 

ppm seasonal maximum rate is equivalent to 6 applications at the maximum single use rate. 
3 No holding time is required prior to use of treated water for irrigation of crops. 
NS = not specified. 

Conclusions. The submitted labels are adequate to evaluate the residue data relative to the 
proposed use of endothall on irrigation canals. 
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860.1300: Nature of the Residue- Plants 

DP# 0321179, D. Soderberg, 8/30/2005 

The nature of endothall residues in plants is adequately understood based on the acceptable 
alfalfa, cotton, and sugar beet metabolism studies reflecting use of the dipotassitun salt of 
[

14CJendothall. An adequate cotton metabolism study is also available reflecting use of the 
mono-N,N-dimethylalkylamine salt of[ 14CJendothall. HED has concluded that the metabolism 
studies using the dipotassium salt will also fulfill metabolism data requirements for the 
monoalkylamine salt as the two salts would be expected to behave similarly in plants. The HED 
Metabolism Committee (S. Funk, 11/8/96) has also concluded that the residues of concern for 
both risk assessment and tolerance enforcement in plant commodities include parent endothall 
and its monomethyl ester. 

860.1300: Nature of the Residue- Livestock 

DP# 0321179, D. Soderberg, 8/30/2005 

The qualitative nature of the endothall residues in livestock is adequately understood based on 
the acceptable poultry and goat metabolism studies. The HED Metabolism Committee has 
concluded that the residues of concern in animal commodities consist of parent endothall and its 
monomethyl ester. 

860.1340 Residue Analytical Methods 

DP# 0321179, D. Soderberg, 8/30/2005 

Enforcement Methods 

An enforcement method (GC with microcoulometric nitrogen detection) is listed as Method I in 
the Pesticide Analytical Manual (PAM, Volume II) for the determination of endothall in plant 
commodities. Using this method, residues in crop commodities are extracted using acetone 
acidified with HCl. The extract is concentrated, and the oil and oil-soluble materials are 
removed by partitioning solvents. The endothall containing oil-free fraction is concentrated by 
boiling with acetic acid. Any endothall present is converted to the N-methoxyimide derivative by 
reaction with methoxyamine hydrochloride. The imide is partitioned into chloroform, 
concentrated and analyzed by GC using a nitrogen specific detector. The method LOQ is 0.1 
ppm. 

A confirmatory HPLC!MSD method (Method No. KP218RO) is also available for determining 
residues of endothall and its monomethyl ester in fish and residues of endothall in plant 
commodities. For this method, residues are extracted with water, acidified and, if necessary, 
purified using a C18 SPE column. Residues are then derivatized with heptafluoro-p
tolylhydrazine (HFTH) and partitioned into dichloromethane (DCM). Derivatized residue are 
concentrated, redissolved in toluene, and cleaned up using a silica gel cartridge. Residues are 
determined by HPLC/MSD using the 397 amu ion for detection and quantitation. The validated 
LOQ is 0.05 ppm for fish (endothall and endothall monomethyl ester), and the LOQs for plant 

12 of 59 

12 



Endothall Summary of Analytical Chemistry and Residue Data DP#: 356315 

commodities range from 0.01-0.10 ppm, with the initial Ct8 SPE cleanup step. This method has 
undergone a successful independent laboratory validation using fish samples. 

Data Collection Methods 

In the irrigated crop field trials and processing studies, residues of endothall inion plant 
commodities were determined using a LC/MS/MS method (Method No. KP-242Rl) entitled 
"Analytical Method for Detennination ofEndothall in Crops", issued 5/4/2007. For this method, 
residues are extracted from all matrices, except oil, by homogenization with water followed by 
centrifugation and filtering. For oil samples, the samples are initially diluted with water and 
partitioned against hexane, discarding the organic fraction. The aqueous soluble residues from 
all matrices are then derivatized with HFTH in 50% H3P04 at 100-120°C for 90 minutes. The 
derivatized residues are partitioned into methyl t-butyl ether (MTBE), concentrated, and 
reconstituted in hexane:MTBE (1: 1 v/v). Residues are then cleaned up using an amine SPE 
cartridge eluted with methanol:MTBE (4:1,v/v) or methanoL Residues are analyzed by 
LC/MS/MS using external standards, and the m/z 397~ 166 ion transition was used for 
quantifying residues. Residues are expressed in endothall acid equivalents. The validated LOQ 
is 0.05 ppm for plant commodities. 

In conjunction with the irrigated crop field trials, the above method was adequately validated on 
all plant matrices tested. 

Conclusions. Adequate methods are available for enforcing the proposed tolerances, and the 
residue data from the field trials and processing studies were collected using an adequate 
LC/MS/MS method. The conditions for the derivatization step used in Method No. KP-242Rl 
should hydrolyze the monomethyl ester to the free acid. However, no data were provided as to 
whether or not the LC/MS/MS method can recover residues of the methyl ester of endothall, 
which are also residues of concern. 

860.1360 Multiresidue Methods 

DP# D321179, D. Soderberg, 8/30/2005 

Adequate data are available evaluating the recovery of endothall using the FDA multiresidue 
methods published in the FDA Pesticide Analytical Manual, Volume I (PAM Vol. I). The 
available data indicate that endothall is not recovered through the FDA multiresidue methods. 

860.1380 Storage Stability 

DP# 0321179, D. Soderberg, 8/30!2005 
47520719.der.doc 

Adequate storage stability data are available indicating that endothall is stable under frozen 
storage conditions for up to 5.5 years in rice, broccoli, oranges and tomatoes; 15 months in sugar 
beet tops and roots; 12 months in potatoes and cottonseed; and 9 months in alfalfa seed. 

Additional storage stability data were also submitted with the current petition. In this study, 
control samples of tomato, lettuce, sugar beet root, corn grain and soybean seeds and oil were 
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fortified with endothall (free acid) and stored at :S-8°C. Stored samples of frozen tomatoes, 
lettuce, sugar beet roots and corn grain were analyzed after 0, 1, 10 and 15 months of storage and 
the frozen soybean seed and oil samples were analyzed after 0, 1, 5 and I 0 months of storage. 
Endothall residues were completely stable for up to 15 months in frozen tomatoes, lettuce, sugar 
beet roots, and corn grain and for up to 10 months in soybean seeds and oil. The tests on soybean 
seeds and oil are on-going. 

The storage durations and conditions of samples from the irrigated crop field trials submitted to 
support this petition are presented in Table 4. 

Table 4. Summary of Storage Conditions and Durations of Samples from Irrigated Crop Field Trial and 
Processing Studies. 

Matrix 
Storage Actual Storage Interval of Demonstrated 

Temperature (0 C) Duration (days) Storage Stability (days) 

Field Trials 

Carrot 33-272 

Potato :S:-18 41-58 469 

Sugar beet tops and roots 47-64 

Onions, green and bulb :S:-18 63- 143 469 

Lettuce <-18 34-92 469 

Cabbage <-18 61-118 469 

Lima beans, succulent podded 93-431 

Dried beans 
5-10 

63-76 
315-469 

Garden peas, succulent podded ! 13-127 

Soybean seed 39-385 

Tomatoes <-II 77-106 -2000 

Cucumbers <-!0 478 -2000 

Oranges <-18 !05-107 -2000 

Apples <-18 230 -2000 

Peaches <-10 !54 -2000 

Blueberries and blackberries <-18 85-98 -2000 

Pecan nutmeat $-18 203 
315-469 

Almond nutmeats and hulls 90-96 

Corn, K +CWHR, forage, grain, and 
stover 

:S:-10 42-238 466-469 

Sorghum forage, grain and slover <-10 51-83 466-469 

Wheat forage, grain, hay and straw <-10 42-! 13 466-469 

Grass forage and hay <-10 404-440 469 

Alfalfa Forage and hay <-18 66-83 469 

Grapes <-10 88-379 467 

Mint tops <-!8 22-336 469 

Rice grain and straw <-!0 64-99 466-469 

Processing Studies 

Sugar bee! roots, dried pulp, molasses S-18 !9-64 46l 
and refined sugar 

Soybean seed, hulls, mea! and refined :S:-10 17-78 306-315 
oil 

Tomato fruit, paste and puree <-l 77-80 -2000 

Orange fruit, dried pu!p,juice and oil $-18 109-121 
-2000 

306 (oil) 
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Table 4. Summary of Storage Conditions and Durations of Samples from Irrigated Crop Field Trial and 
Processin~ Studies. 

Matrix 
Storage Actual Storage Interval of Demonstrated 

Temperature (0 C) Duration (days) Storage Stability (days) 

Apple fruit, juice and wet pomace <-18 231-286 -2000 

Sorghum grain and flour <-10 26 -2000 

Wheat grain, middlings, bran, flour, 
:5-10 34-79 

~2000 

shouts and genn 

Com grain, grits, meal, flour, starch, :<;-10 22-37 
-2000 

and oil 306 (oil) 

Grape fruit, juice and raisins <-10 377-379 ~2000 

Mint Tops 
s-17 

22-336 467 

Mint Oil 241 306 

Rice grain, hulls. bran and polished rice <-10 39-48 -2000 

Conclusions. The available storage stability data are adequate and support the sample storage 
conditions and durations from the irrigated crop field trials. 
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860.1400 Water, Fish, and Irrigated Crops 

Fish. 

DP# D307060 D. Soderberg 8/23/2004 

Residue data were submitted (MR!Ds 44820102, 43315801 and 42644001) showing metabolism 
of endothall in fish, bioconcentration of endothall residues in fish, and magnitude of the residue 
data in fish. Most of the endothall radioactive residue was incorporated into natural components 
of the fish. No endothall, per se, or either of its methyl esters were identified in the metabolism 
study, but one could infer from the combination of studies and other correlate infonnation, that 
the residues of interest would be endothall and its monomethyl and dimethyl esters. 

A magnitude of the residue study was performed using bluegill, catfish, crayfish, and freshwater 
clams in seven treated fresh water tanks and one control tank. Using a method with an LOQ of 
0.02 ppm, residues of endothall, per se, were not detected in catfish, were up to 0.026 ppm in 
bluegills, up to 0.23 ppm in crayfish and in freshwater clams were up to 0.96 ppm. There was no 
measurable contribution to the residue from either of the methyl esters, however recovery of the 
methyl esters was not good. 

Consistent with the registrant's proposal for tolerance, HED agreed that these data could support 
tolerances at 0.1 ppm for fish, 1 ppm for crustaceans, and 4 ppm for mussels- pending 
submission of either a revised metabolism study or a radio·validation study more clearly showing 
the importance of the methyl esters in the total residue, or revised residue data using a method 
showing better recovery of the two methyl esters. A tolerance ofO.l ppm has since been 
published for fish. 

Irrigated Crops. 

DP# D32II79, D. Soderberg, 8/30/2005 
4752070l.del.doc (Sugar beet, carrot, potato) 
47520703.der.doc (Cabbage) 
47520705.del.doc (Legume vegetables) 
47520707.der.doc (Cucumber) 
47520709.del.doc (Apple) 
47520711.der.doc (Blueberry and blackberry) 
47520713.del.doc (Corn, sorghum and wheat) 
47520715.der.doc (Alfalfa) 
47520717.del.doc (Mini) 

47520702.der.doc 
47520704.der.doc 
47520706.del.doc 
47520708.del.doc 
475207IO.def.doc 
47520712.der.doc 
47520714.der.doc 
47520716.del.doc 
475207I8.del.doc 

(Green and dry bulb onions) 
(Leaf and head lettuce) 
(Tomato) 
(Orange) 
(Peach) 
(Pecan and Almond) 
(Grass) 
(Grape) 
(Rke) 

Residue data supporting the use of endothall·treated water for irrigation of crops were previously 
submitted on cabbage, celery, grapefruits, peppers, and turnips as representative crops (DP# 
D321179, D. Soderberg, 8/30/2005). ln these earlier tests, the SC/L or G formulations of the 
monoalkylamine or dipotassium salts for endothall were applied to the above crops at a 
concentration of -3 ppm using overhead or furrow irrigation, with each crop receiving 5-7 
applications. HED concluded that these data were not adequate because endothall was not 
applied at the maximum use rate allowed for irrigation canals (5 ppm) and because the data were 
insufficient to cover all irrigation crops. 
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In response, IR-4 submitted a protocol for conducting limited field trials on representative 
irrigated crops. This protocol was discussed with ChemSAC, which provided only minor 
comments (ChemSAC minutes for 5/12/06 meeting). Subsequently, IR~4 has submitted limited 
field trial data covering a wide variety of crops and crop groups that could be irrigated with 
endothall-treated water, including: carrots, potatoes and sugar beets (groups 1 and 2); green and 
dry bulb onions (group 3); leaf and head lettuce (group 4); cabbage (group 5); dried and 
succulent (podded) peas and beans (group 6); tomatoes (group 8), cucumbers (group 9); oranges 
(group 10), apples (group II), peaches (group 12), blueberries and blackberries (group 13); 
almonds and pecans (group 14); corn, sorghum, wheat and rice (groups 15 and 16); grass (group 
17); alfalfa (group 18); and mint Although the field trials cover a wide variety of crops, the 
number of field trials conducted on any given crops was limited, ranging from 2 to 4 tests per 
crop. 

In each field trial, the monoalkylamine salt of endothall (2 lb ae/gal SC/L) was used to treat the 
irrigation water at a rate of ~5 ppm ae (ae), and the treated water was then applied via overhead 
sprinklers as six broadcast foliar applications at RTls of~ 7 days. The target application volume 
in each trial was equivalent to~ l acre inch of water (27, 154 gallA). Based on the concentration 
ofthe endothall in the irrigation water and the amount of water applied, the target application rate 
for endothall was equivalent to 1.13 lb ae/A/application, for a total of 6. 79 lb ae/ Nseason. Side
by~side tests were also conducted on selected crop (sugar beets, lettuce, cucumber, and peaches) 
comparing application of the dipotassium salt of endothall (3 Ib ae/gal SC/L) with the 
monoalkylamine salt. However, although the dipotassium salt was applied to the irrigation water 
according to the label directions for that salt, the resulting concentration of endothall in the water 
was 3.5 ppm ae. (Unlike the label direCtions for the alkylamine salt, the label directions for the 
potassium salt assume that it is applied at 5 ppm as the salt, not as the acid equivalent, that is to 
say, the potassium salt labeled instructions describe application at 5 ppm ai, not 5 ppm ae.J 

In each field trial, the endothall residues were determined using an adequate LC/MS/MS method 
(Method No. KP-242Rl ), which is described in the above Residue Analytical Methods Section. 
The method was validated in conjunction with each trial, and the validated LOQ for endothall is 
0.05 ppm in each commodity. The sample storage conditions and durations for the various crop 
commodities from each of the field trials are supported by the available storage stability data. 
The details for each of the submitted field trials are discussed below, and the endothall residues 
in the commodities are summarized in Table 5. 

17 of 59 

17 



Endothall Summary of Analytical Chemistry and Residue Data DP#: 356315 

TABLES. Summary of Residue Data from Field Trials with Endothall. 

Formulati Total PHI 
Residue Levels (ppm) 2 

Commodity on type Applic. (days) Min. HAFT' Median Mean 
Rate 1 " M~. 

(STMdR) (STMR) Std. Dev. 

Root and Tuber Vegetables 

Monoamin 
5ppm 

e salt 0 2 1.32 1.36 1.36 1.34 IJ4 0.033 
Sugar beet, (SC/L) 

(6.77-6.79) 

tops Dipotassi_ti 
-3.5 p~ni 

. >.:• .. . .. . __ ,. ' 

mS!llt 0 2 . .'- b-.527 . ''l.l14. Ll14._ 0.820 ' _0:~20 -~1{ .. 41,5 
(SC/L) (4~8,0_-.4.88) · .. . > . . 

Monoamin 
5ppm e salt 0 2 0.165 0.493 0.493 0.330 0.330 0.230 

Sugar beet, (SC/L) 
(6.77-6.79) 

roots DipotasSi~ 
.. 

0.330·_ mll<!lt ·. 
', 3.~pptn, 

6: 
. '• 

- O.ll8 . b.331 _0.224.·' 02lt_. 0.151 (4.80-;1.88) ·;:2-.:. 
(SCIL) 

Monoamin 5 ppm 
Carrot e sail 0 2 0.0685 0.088 0.088 0,078 0.078 0.014 

(SC/L) (6.77-6.79) 

Monoamin 
5ppm 

Potato e salt 0 2 0.0725 0.875 0.0875 0.080 0.080 0.011 
(SC!L) (6.77-6.83) 

Bulb Vegetables 

Green Onion 
5.0 ppm 

0 I 0.259 0.259 0.259 0.259 0.259 NA (6.75) 

Dry Bulb 5.0 
0 I <0.05 <0.05 <0.05 <0.05 <0.05 NA 

onion (6.76) 

Leafy Green Vegetables- Lettuce 

Monoamin 
5 ppm 

e sail 0 2 0.436 .9915 0.9915 0.714 0.714 0.393 
(SCIL) 

(6.73-6.76) 
Leaf lelluce 

'Dipollissiu 
3.5 ppm 

0.7975 0363 msalt. 0 2 - 0.248 0.7975 0.523 0.523. 
(SC/L) 

(4:67-4.81) 1· ... 
Mono am in 

5ppm e salt 0 2 0.0865 0.5475 0.5475 0.292 0.317 0.270 
(SC/L) 

(6.76-7.17) 
Head lettuce 

Dipotassiu 
3.'5 ppffi: 0.2875 m salt. 

(4.'81~5.07) 
.. _0 2 0.066. 0.509 . 0.'509 . 0:2875 o.Jin 

(SCIL) ... 
Brassica ·Cabbage 

Cabbage, 
head wilb 5 ppm 

0 2 0.0615 0.0625 0.0625 0.062 0.062 0.0007 wrapper (5.64-7.00) 
leaves 

Legume Vegetables 

Succulent 5 ppm 
0 2 0.3075 0.4675 0.4675 0.3875 0.3875 0.113 podded beans (6.75, 9.02) 4 

Succulent 5ppm 0 2 0.5295 0.939 0.939 0.734 0.734 0.290 
podded peas (6.74) 

Dried Beans 
5 ppm 0 2 0.102 0.116 0. [16 0.109 0.109 0.010 (6.77) 

Soybean, 5 ppm 0-1 4 <0.050 O.D7 0.07 0.034 0.034 0.025 
dried seed (6.75-6.77) 
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TABLES. Summary of Residue Data from Field Trials with Endothall. 

Fonnulati Total PH! 
Residue Levels (ppm) 1 

Commodity on type App!ic. (days) Min. Max. HAFT 1 Median Mean 
Std. Dev. Rate 1 " (STMdR) (STMR) 

Fruiting Ve etables- Tomatoes 

Tomato 
5 ppm 

0 2 <0.05 <0.05 <0.05 0.05 0.05 NIA (6.74-6.77) 

Cucurbits- Cucumbers 

Monoami 5 ppm 
Fruit ne salt 0 2 0.259 0.738 0.738 0.499 0.499 0.339 

(SC/L) (6.75-6.77) 

Dipotassiu 
3.5 ppm 

Fruit m salt 0 2 0.324 0.433 0.433 0.522 0:522 0.389 
(SCIL) 

(4.80-4.81) . . .· . 

Citrus - Orange 

Orange 
5ppm 0 2 0.0215 0.026 0.026 0.024 0.024 0.0032 (6.63-6.78) 

Pome Fruit- Apple 

Apple 
5 ppm 0 2 0.039 0.043 0.043 0.041 0.041 0.0028 (6.64-6.79) 

Stone Fruits- Peach 

Monoami s ppm 
Fruit ne salt 0 2 0.044 0.152 0.152 0.098 0.098 0.076 

(SC/L) 
(6.78-7.08) 

Dipotassi 
3.5 ppm 

Fruit umsalt 0 . 2 0.045 0.127 0.127 0.086 0.086 0.058 
(SC!L) 

(4.82-5.05) .. 
Berries 

Blueberry 
5.0 ppm 

0 I 0.177 0.177 0.177 0.177 0.177 NIA (6.77) 

Blackberry 
5.0 ppm 

0 I 0.328 0.328 0.328 0.328 0.328 NIA (6.73) 
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TABLES. Summary of Residue Data from Field Trials with Endothall. 

Formulati 
Total PHI 

Residue Levels (ppm) 2 

Commodity on type Applic. (days) Min. HAFT 3 Median Mem 
Std. Dev. Rate 1 " Max. 

(STMdR) (STMR) 

Tree Nuts 

Pecan, 5ppm 0 I 0.24 024 0.024 0.024 0.024 NIA 
nutmeat (7.01) 

Almond, 
5ppm 0 I 0.037 0.037 <0.037 0.037 0.037 NIA 

nutmeat 
(6.80) 

Almond, hulls 0 I 7.56 7.56 7.56 7.56 7.56 NIA 

Cereals, except Rice 

Sweet Corn 

K+CWHR 0 2 0.05 0.17 0.17 0.11 0.11 0.085 

Forage w/o 5ppm 
(6.75-6.91) 0 2 0.585 1.23 1.23 0.908 0.908 0.456 

"" Forage 0 2 0.445 0.97 0.97 0.708 0.708 0.371 w/ears 

Stover w/ears 0 2 0.635 4.88 4.88 2.758 2.758 3.002 

Field Corn 

Forage 5 ppm 
(2.26·3.38) 5 0 4 0.285 0.385 0.385 0.334 0.334 0.041 

Grain 5 ppm 0 4 0.04 0.05 0.05 0.05 0.05 0.005 

Stover (6.75-7.10) 0 4 1.44 3.19 3.19 2.08 2.08 0.82 

Sorghum 

Forage 5 ppm 
(2.26-3.38) 5 0 3 0.35 2.67 2.67 1.262 1.262 1.237 

Grain 5ppm 0 3 0.645 1.21 1.21 1.00 1.00 0.311 

Stover (6.77) 0 3 0.96 4.90 4.90 2.91 2.91 1.97 

Wheat 

Forage 5 ppm 0 4 0.685 2.13 2.13 1.15 1.15 0.662 

H'Y 
(2.19-3.39) l 0 4 l.Oj:5 3.09 3.09 1.94 1.94 0.89 

Grain 5 ppm 0-1 4 0.32 1.91 1.91 0.71 0.71 0.800 

Straw (6.58-6.77) 0-1 4 1.07 2.74 2.74 1.83 1.83 0.74 

AGF I 20.3 20.3 20.3 20.3 20.3 NIA 
Grasses 

Forage 5 ppm o-2 I 6 I 1.94 2.73 2.73 2.21 2.21 0.32 

H'y (6.64-7.02) o-2 I 6 I 5.87 13.65 13.65 8.77 8.77 3.00 

Alfalfa 

Forage I 5 ppm I 0 2 L 1.77 I 2.12 l 2.12 I 1.95 I 1.95 I 0.25 

H'y I (5.94-6.58) I 0 2 I 4.93 I 5.20 I 5.20 I 5.07 I 5.07 I 0.19 

Grapes 

Grape 
5.0 ppm 

0 3 0.405 0.642 0.642 0.522 0.522 0.119 (6.64-6.76) 

Mint 

Mint 
5 ppm 0 2 1.49 2.80 2.80 2.14 2.14 0.923 (6.64-6.77) 
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TABLE 5. Summary of Residue Data from Field Trials with Endothall. 

Formulali Total PHI Residue Levels (ppm) 2 

Commodity on type Applie. 
Rate 1 (days) 

' Min. Max. HAFT 3 Median Mean f j; 
(STMdR) (STMR) Std. Dev. 

Rice 

Rice grain 5 ppm 0-1 I 4 0.756 1.18 1.18 1.05 1.05 0.200 

Rice Straw (6.75-6.77) 0-1 I 4 1.02 2.6 2.6 1.90 1.90 0.66 
' The endothall concentrations are expressed m aetd equt\alents, and the values m parentheses are the total apphcalton rates m 

terms oflb ae!A 
2 Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm. The LOQ was used for all values reported as :SLOQ. 
3 HAFT= Highest Average Field Trial. 

One of the succulent podded bean field trials used 8 applications rather than 6 applicalions due to slow plant growth and 
maturation. 

5 Field com forage, sorghum forage, and wheat forage and hay were harvested after only two or three applications. 

Root and Tuber Vegetables (Group 1). 

Two field trials each were conducted on sugar beets, carrots, and potatoes in Zones 5, 10 and 11 
during 2006-2007. In each test, the monoalkylamine salt formulation of endothall (2 lb ae/gal 
SCIL) was used to treat the irrigation water at a rate of 5 ppm ae. In addition, in the two sugar 
beet field trials, side-by-side test were also conducted using the dipotassium salt of endothall 
applied to the irrigation water at a concentration of 3.5 ppm ae. The treated water was applied 
during vegetative development as six broadcast foliar applications using overhead sprinklers, at 
RTis of6-8 days. Based on the concentration of the endothall and the amount of water applied, 
the application rates for the monoalkylamine salt of endothall were equivalent to 1.13-l.l4lb 
ae/A/application, for a total of6.77w6.83lb ae/A/season. The application rates for the 
dipotassium salt were equivalent to 0.80-0.81 lb ae/A/application, for a total of 4.80-4.88lb 
ae/A/season. Single control and duplicate treated samples of sugar beet roots and tops, carrot 
roots and potato tubers were harvested from the respective tests on the day of the final 
application (0 DAT). 

Following six endothall (monoalkylamine salt) applications totaling 6.77-6.83lb ae/A/season, 
endothall residues at 0 DAT were 1.11-1.62 ppm inion 4 samples of sugar beet tops from 2 plots, 
0.136-0.591 ppm inion 4 samples of sugar beet roots from 2 plots, 0.062-0.088 ppm inion 4 
samples of carrot roots from 2 plots , and 0.067-0.103 ppm inion 4 samples of potato tubers from 
2 plots. Average endothall residues were 1.34 ppm for sugar beet tops, 0.330 ppm for sugar beet 
roots, 0.078 ppm for carrot roots, and 0.080 ppm for potato tubers. The HAFT residues were 
1.36 ppm for sugar beet tops, 0.493 ppm for sugar beet roots and 0.088 ppm for both carrot roots 
and potato tubers. No residue decline data were provided. No phytotoxicity was reported in any 
of the tests. 

Following six endothall (dipotassium salt) applications totaling 4.80-4.88lb ac/A/season, 
endothall residues at 0 DAT were 0.523-1.28 ppm inion 4 samples of sugar beet tops from 2 
plots and 0.115-0.345 ppm inion 4 samples of sugar beet roots from 2 plots. Average endothall 
residues were 0.821 ppm inion sugar beet tops and 0.224 ppm inion sugar beet roots, and HAFT 
residues inion sugar beet tops and roots were 1.11 and 0.331 ppm, respectively. Average 
endothall residues inion sugar beet tops and roots were 0.6x-O. 7x lower for the dipotassium salt 
formulation than for the monoalkylamine salt formulation. The lower level of endothall residues 
for the dipotassium salt correlated closely with the lower use rate (0. 7x) for the dipotassium salt. 
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Bulb Vegetables (Group 3). 

In one green onion and one dry bulb onion field trial conducted during2007 in Zones 6 and 10, 
respectively, the monoalkylamine salt formulation of endothall (2lb ae/gal SC/L) was used to 
treat the irrigation water at a rate of 5 ppm ae. The treated water was applied to onions during 
vegetative development as six broadcast foliar applications using overhead sprinklers, at RTis of 
7-8 days. Based on the concentration of the endothall and the amount of water applied, the 
application rates for endothall were equivalent to 1.12-1.13lb ae/A/application, for a total of 
6. 75-6.76 lb ae/ A/season. Single control and duplicate treated samples of green onions and dry 
bulb onions were harvested from the respective tests on the day of the final application (0 DA T). 
Endothall residues at 0 DAT were 0.234 and 0.284 ppm in/on 2 samples from one plot of green 
onions and <0.05 ppm inion 2 samples from one plot of dry bulb onions. The average residues 
were 0.259 ppm for green onions and <0.05 ppm for dry bulb onions. No residue decline data 
was provided, and no phytotoxicity was reported on the treated onion crops. 

Leafy Vegetables, except Brassica (Group 4). 

Two leaflettuce field trials and two head lettuce field trials were conducted in Zones 1 and 10 
during 2006-2007. Side-by-side tests were conducted in each field trial using irrigation water 
treated with either the mono alkylamine salt of endothall (2 lb ae/gal SC/L) at a concentration of 5 
ppm ae, or the dipotassium salt of endothall (3.0 lb ae/gal SC/L) at a concentration of3.5 ppm ae. 
The treated water was applied in each test during vegetative development as six broadcast foliar 
applications using overhead sprinklers, at RTis of 6-8 days. Based on the endothall 
concentrations and the amount of water applied, the application rates for the monoalkylamine salt 
of endothall were equivalent to 1.12-1.20 lb ae/ A/application, for a total of 6. 73-7 .17lb 
ae/A/season. The application rates for the dipotassium salt were equivalent to 0. 78-0.84 lb 
ae/ A/application, for a total of 4.67-5.07 lb ae/A/season. Single control and duplicate treated 
samples of leaf lettuce and head lettuce (with wrapper leaves) were harvested from the respective 
tests on the day of the final application (0 DAT). 

Following applications of the monoalkylamine salt at level equivalent to 6. 73-7 .17lb 
ae/ A/season, endothall residues at 0 DAT were 0.410-1.24 ppm inion 4 samples ofleaflettuce 
from 2 plots and 0.081-0.604 ppm inion 4 samples of head lettuce from 2 plots. Average 
endothall residues were 0.714 ppm for leaflettuce and 0.317 ppm for head lettuce. The HAFT 
residues in/on leaf and head lettuce were 0.992 and 0.548 ppm, respectively. No phytotoxicity 
was reported on the treated lettuce. 

Following six applications of the dipotassium salt at levels equivalent to 4.67-5.07lb 
ae/A/season, endothall residues at 0 DAT were 0.241-1.01 ppm inion 4 samples ofleaf lettuce 
from 2 plots and <0.05-0.582 ppm inion 4 samples of head lettuce from 2 plots. Average 
endothall residues were 0.523 ppm inion leaflettuce and 0.288 ppm inion head lettuce, and 
HAFT residues inion leaf and head lettuce were 0.798 and 0.509 ppm, respectively, Average 
endothall residues were lower (0. 7x-0.9x) for the dipotassium salt than the monoalkylamine salt, 
which is comparable to the lower use rate for the dipotassium salt (0. 7x). 

Brassica Vegetables (Group 5). 
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In two cabbage field trials conducted during 2006 in Zone 1, the monoalkylamine salt 
formulation ofendothall (2lb ae/gal SC/L) was used to treat the irrigation water at a rate of5 
ppm ae. The treated water was applied to cabbage during vegetative development as six 
broadcast foliar applications using overhead sprinklers, at RTis of 6-9 days. Based on the 
concentration of the endothall and the actual amount of water applied, the application rates for 
endothall were equivalent to 0.94 or 1.17 lb ae/ A/application, for a total of 5.64 or 7.00 lb 
ae/A/season. Single control and duplicate treated samples of cabbages (with wrapper leaves) 
were harvested from each test on the day of the final application (0 DAT). Endothall residues at 
0 DAT were <0.05-0.075 ppm in/on 4 samples of cabbage from 2 plots. The average residues 
were 0.062 ppm and the HAFT residues were 0.063 ppm. No residue decline data were 
provided, and no phytotoxicity was noted on the treated cabbage. 

Legume Vegetables (Group 6). 

A total of 10 tests were conducted on legume vegetables in Zones 1, 4, 5, 10 and 12 during 2006-
2007, including 2 tests on succulent podded beans, 2 tests on dry beans, 2 tests on succulent 
podded peas, and 4 tests on soybeans. In each test, a monoalkylamine salt formulation of 
endothall (2lb ae!gal SCIL) was used to treat the irrigation water at a rate of 5 ppm ae. The 
treated water was applied during flowering through pod and seed development as broadcast foliar 
applications using overhead sprinklers, at RTis of 6-9 days. A total of six applications were 
made in each test, except in one of the succulent bean tests, which used eight applications. Based 
on the concentration of the endothall and the amount of water applied, the application rates for 
endothall were equivalent to 1.12-1.13 lb ae/ A/application, for a total of 6.74-6.77 lb ae/ A for the 
six applications or 9.021b ai/A for the eight applications. Single control and duplicate treated 
samples oflegume pods with seeds were harvested from the succulent bean and pea field trials 
and samples of dried seeds were harvested from the dry bean and soybean field trials. 

Endothall residues were 0.291-0.521 ppm inion 4 samples of succulent podded beans from 2 
plots, 0.522-1.00 ppm inion 4 samples of succulent podded peas from 2 plots, 0.070-0.134 ppm 
in/on 4 samples of dried beans from 2 plots, and <0.05-0.072 ppm in/on 8 samples of soybeans 
from 4 plots harvested at 0-1 DAT. Average endothall residues were 0.388 ppm for succulent 
podded beans, 0. 734 ppm for succulent podded peas, 0.109 ppm for dry beans, and 0.055 ppm 
for soybeans. The HAFT residues were 0.468 ppm for succulent podded beans, 0.939 ppm for 
succulent podded peas, 0.116 ppm for dry beans, and 0.070 ppm for soybeans. No residue 
decline data was provided. Phytotoxicity was reported on plants at two field site, and consisted 
of chlorosis and necrosis of leaves. 

Fruiting Vegetables, except cucurbits (Group 8). 

In two tomato field trials conducted during 2006 in Zones 3 and 10, a monoalkylamine salt 
formulation of endothall (2 lb ae/gal SCIL) was used to treat the irrigation water at a rate of 5 
ppm ae. The treated water was applied to tomatoes during flowering and fruit development as 
six broadcast foliar applications using overhead sprinklers, at RTis of 6-8 days. Based on the 
concentration of the endothall and the amount of water applied, the application rates for 
endothall were equivalent to 1.12-1.13 lb ae!A/application, for a total of 6.74-6.77 lb 
ae/A/season. Single control and duplicate treated samples of tomatoes were harvested from each 
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test on the day of the final application (0 DAT). Endothall residues at 0 DAT were <0.05 ppm 
inion 4 samples of tomatoes from 2 plots. No residue decline data were provided, and no 
phytotoxicity was reported on the treated tomato crops. 

Cucurbit Vegetables (Group 9). 

Two cucumber field trials were conducted in Zones 1 and 5 during 2006-2007. In each trial, 
side-by-side tests were conducted using irrigation water treated with either the monoalkylamine 
salt of endothall (2 lb ae/gal SC/L) at a concentration of 5 ppm ae, or the dipotassium salt of 
endothall (3 lb ae/gal SC/L) at a concentration of3.5 ppm ae. The treated water was applied in 
each test during flowering and fruit development as six broadcast foliar applications using 
overhead sprinklers, at RTis of6-8 days. Based on the endothall concentration and the amount 
of water applied, the application rate for the monoalkylamine salt of endothall was equivalent to 
1.13 lb ae/A/application, for a total of 6. 75-6.77lb ae/ A/season. The application rate for the 
dipotassium salt was equivalent to 0.80 lb ae/A/application, for a total of 4.80-4.81 lb 
ae/A/season. Single control and duplicate treated samples of cucumber were harvested from each 
test on the day of the final application (0 DAT). 

Endothall residues were 0.234-0.738 ppm inion 4 cucumber samples from 2 plots harvested at 0 
DAT following irrigation applications of the monoalkylamine salt of endothall at 5 ppm ae, and 
were 0.310-0.459 ppm inion 4 cucumber samples from 2 plots harvested at 0 DAT following six 
irrigation applications of the dipotassium salt of endothall at 3.5 ppm. Average endothall 
residues inion cucumbers were 0.499 and 0.522 ppm for the monoalkylamine and dipotassium 
salt formulations, respectively. The HAFT residues were 0.738 and 0.433 ppm for the 
monoalkylamine and dipotassium salt formulations, respectively. Average endothall residues 
were lower (0.8x) for the dipotassium salt than the monoalkylarnine salt, which was comparable 
to the lower use rate for the dipotassium salt (0.7x). 

Phytotoxicity was reported in one of the tests, and consisted of the loss of older leaves, stunting 
of growing tips, cupping ofyOtmg leaves, chlorosis, and cessation of flowering. However, fruit 
set and growth were not effected. 

Citrus Fruits (Group 10). 

In two orange field trials conducted during 2006 in Zones 3 and 10, a monoalkylamine salt 
formulation of endothall (2lb ae/gal SC/L) was used to treat the irrigation water at a rate of5 
ppm ae. The treated water was applied to the orange trees during fruit development as six 
broadcast foliar applications using overhead sprinklers, at RTis of 5-8 days. Based on the 
concentration of the endothall and the amount of water applied, the application rates for 
endothall were equivalent to 1.10-1.13 lb ae/ A/application, for a total of 6.63-6.78 lb 
ae/ A/season. Single control and duplicate treated samples of oranges were harvested from each 
test on the day of the final application (0 DAT). Endothall residues were <LLMV inion 4 orange 
samples from 2 plots at 0 DA T, with residues above the LOD on all four samples at 0.021-0.028 
ppm. The average and HAFT residues were 0.024 ppm and 0.026 ppm, respectively, inion 
oranges. No phytotoxicity was reported on the treated trees. 

Pome Fruits (Group 11). 
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In two apple field trials conducted during 2006 in Zones 1 and 11, a monoalkylamine salt 
formulation ofendothall (2lb ae/gal SC/L) was used to treat the irrigation water at a rate of 5 
ppm ae. The treated water was applied to the apple trees during fruit development as six 
broadcast foliar applications using overhead sprinklers, at RTis of7 days. Based on the 
concentration of the endothal! and the amount of water applied, the application rates for 
endothall were equivalent to 1.11-1.13 lb ae/A/application, for a total of 6.64-6.79 lb 
ae/Nseason. Single control and duplicate treated samples of apples were harvested from each 
test on the day of the final application (0 DAT). Endothall residues at 0 DAT were <LLMV 
in/on 4 samples of apples from 2 plots, but were greater than the LOD, at 0.031-0.04 7 ppm, in 3 
of the 4 samples. The average and HAFT residues were 0.041 ppm and 0.043 in/on apples. 
Phytotoxicity was noted on the treated trees (necrotic spots on leaves), but no damage was noted 
on the fruits. 

Stone Fruits (Group 12). 

Two peach field trials were conducted in Zones 2 and I 0 during 2007. In each trial, side-by-side 
tests were conducted using irrigation water treated with either the monoalkylamine salt of 
endothall (2 lb ae/gal SCIL) at a concentration of 5 ppm ae, or the dipotassium salt ofendothall 
(3 lb ae/gal SCIL) at a concentration of 3.5 ppm ae. The treated water was applied in each test 
during fruit development as six broadcast foliar applications using overhead sprinklers, at RTls 
of 6-8 days. Based on the endothall concentration and the amount of water applied, the 
application rate for the monoalkylamine salt of endothall was equivalent to 1.13-1.25 lb 
ae/Napplication, for a total of6.78-7.08!b ae/Afseason. The application rate for the dipotassium 
salt was equivalent to 0. 79-0.91 lb ae/Aiapplication, for a total of 4.82-5.05 lb ael A/season. 
Single control and duplicate treated samples of peaches were harvested from each test on the day 
of the final application (0 DAT). 

Endothall residues at 0 DAT in/on peaches were <0.05-0.160 ppm in/on 4 samples from 2 plots 
treated with the monoalkylamine salt and <0.05-0.136 ppm in/on the 4 samples from 2 plots 
treated with dipotassium salt. Average endothall residues in/on peaches were 0.098 and 0.086 
ppm for the monoalkylamine and dipotassium salt formulations, respectively. The HAFT 
residues were 0.152 and 0.127 ppm for the mono alkylamine and dipotassium salt fonnulations, 
respectively. Average endothall residues were lower (0.9x) for the dipotassium salt than the 
monoalkylamine salt, which is comparable to the lower use rate for the dipotassium salt (0.7x). 
Phytotoxicity was reported on the treated peach trees. 

Berries (Group 13). 

In one blueberry and one blackberry field trial conducted during 2007 in Zones 5 and 11, 
respectively, a monoalkylamine salt formulation of endothall (2 lb ae/gal SC/L) was used to treat 
the irrigation water at a rate of 5 ppm ae. The treated water was applied to the berry crops during 
fruit development and maturation as six broadcast foliar applications using overhead sprinklers, 
at RTls of6-8 days. Based on the concentration of the endothall and the arnoWlt of water 
applied, the application rates for endothall were equivalent to 1.12-1.13 lb ael A/application, for a 
total of6.73-6.77lb ae/A/season. Single control and duplicate treated samples of blueberries and 
blackberries were harvested from the respective tests on the day of the final application {0 DAT). 
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Endothall residues at 0 DAT were 0.158 and 0.197 ppm inion 2 samples of blueberry from I plot 
and 0.311 and 0.346 ppm inion 2 samples ofblackbeny from I plot. The average residues were 
0.177 and 0.328 ppm for blueberries and blackberries, respectively. No residue decline data was 
provided, and no phytotoxicity was reported on the treated crops. 

Grapes. 

In three grape field trials conducted in Zones I, 10 and 11 during 2006 and 2007, a 
monoalkylamine salt of endothall (2 lb ae/gal SC/L) was used to treat the irrigation water at a 
rate of 5 ppm ae. The treated water was then applied using overhead sprinklers to the grapes as 
six broadcast foliar applications during fruit development at RTis of6-8 days. Based on the 
concentration of the endothall and the amount of water applied, the application rates for 
endothall were equivalent to 1.11-1.13 lb ae/A/application, for a total of 6.64-6.76 lb 
ae/A!season. Single control and duplicate treated samples of grapes were harvested on the day of 
the fmal application (0 DAT). Endothall residues inion grapes harvested at 0 DAT were 0.376-
0.696 ppm. The average residues were 0.522 ppm and the HAFT residues were 0.642 ppm. No 
residue decline data was provided. At two of the three field sites, phytotoxicity was noted 
beginning with the second application and increased in severity with subsequent applications. 
The leaves initially showed signs of chlorosis and browning, with leaf necrosis occurring at later 
applications. 

Tree Nuts (Group 14). 

In a pecan and almond field trial conducted during 2006-2007 in Zones 2 and 10, respectively, a 
monoaJkylamine salt formulation of endothall (2 lb ae/gal SC/L) was used to treat the irrigation 
water at a rate of 5 ppm ae. The treated water was applied to the tree nut crops during nut 
development and maturation as six broadcast foliar applications using overhead sprinklers, at 
RTis of7-8 days. Based on the concentration of the endothall and the amount of water applied, 
the application rates for endothall were equivalent to 1.13-1.17 1b ae/ A/application, for a total of 
6.80-7.0Ilb ae/A/season. Single control and duplicate treated samples of pecan and almond 
nutmeats and almond hulls were harvested from the respective tests on the day of the final 
application (0 DAT). No phytotoxicity was reported on the treated nut crops. 

Endothall residues at 0 DAT were <LOQ in/on two samples each from I plot each of pecan and 
almond nutmeats. However, residues were detectable at 0.024 ppm in one of the pecan nutmeat 
samples and at 0.036 and 0.037 ppm in the two almond nutmeat samples. Residues inion the two 
almond hull samples were 6.91 and 8.20 ppm. Average endothall residues and the HAFT 
residues were both 0.05 ppm for nutmeats and 7.56 ppm for almond hulls. 

Cereal Grains (Except Rice). 

A total of 13 field trials were conducted during 2006 and 2007 in Zones 1, 2, 5, 6, 7, and II, 
including two trials on sweet corn, four trials on .field corn, three trials on sorghum, and four 
trials on wheat (3 winter wheat and 1 spring wheat). In each test, the monoalkylamine salt 
formulation of endothall (2 lb ae/gal SC/L) was used to treat the irrigation water at a rate of5 
ppm ae. The treated water was applied to each crop during seed head formation and 
development as six broadcast foliar applications using overhead sprinklers, at RTls of 6-9 days. 
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Based on the concentration of the endothall in the irrigation water and the amount of water 
applied, the overall application rates for endothall were equivalent to 1.10-1.25 lb 
ae/ Napplication, for a total of 6.58-7.10 lb ae/ A/season. Because samples of field corn forage, 
sorghum forage, and wheat forage and hay were harvested after only 2 or 3 applications, the total 
application rates for these commodities was 2.19-3.39lb ae/A. 

Duplicate control and treated samples of each commodity were harvested from the respective 
tests. Samples of field corn forage, sorghum forage and wheat forage and hay were harvested 0 
days after the second or third application (0 DAT). Samples of sweet corn forage, kennels plus 
cob with husks removed (K +CWHR) and stover, field corn grain and stover, sorghum grain and 
stover, and wheat grain and straw were harvested following the sixth application at 0 DAT (or at 
I DAT in one wheat test). 

In the sweet corn field trials, endothall residues at 0 DAT were <0.05-0.17 ppm inion 4 samples 
of K+CWHR, 0.52-1.28 ppm inion 4 samples of forage without ears, 0.40-1.06 ppm inion 4 
samples of forage with ears, and 0.58-5.06 ppm in/on 4 samples of stover with ears. Average 
endothall residues were 0.1 I ppm for K+CWHR, 0.91 ppm for forage without ears, 0.71 ppm for 
forage with ears, and 2. 76 ppm for stover with ears. The HAFT residues were 0.17 ppm in/on 
K+CWHR, 1.23 ppm inion forage without ears, 0.97 ppm inion forage with ears, and 4.88 ppm 
in/on stover with ears. 

In the field com field trials, endothall residues at 0 DAT were 0.21-0.42 ppm in/on 8 samples of 
forage harvested after only 2 or 3 applications (2.26-3.38lb ae/A). Following all six applications 
(6.75-7.10 lb ae/A), endothall residues at 0 DAT were <0.05 ppm inion 8 samples of grain and 
1.07-3.48 ppm in/on 8 samples of stover from 4 plots each. Average endothall residues were 
0.33 ppm for forage, <0.05 ppm for grain, and 2.08 ppm for stover. The HAFT residues were 
0.385 ppm in/on forage, <0.05 ppm in/on grain, and 3.19 ppm inion stover. 

In the sorghum field trials, endothall residues at 0 DAT were 0.29-3.05 ppm inion 6 samples of 
forage harvested from 3 plots after only 2 or 3 applications (2.26-3.38lb ae/A). Following all six 
applications (6.77lb ae/A), endothall residues at 0 DAT were 0.49-1.41 ppm inion 6 samples of 
grain and 0.81-7.19 ppm in/on 6 samples of stover. Average endothall residues were 1.26 ppm 
for forage, 1.00 ppm for grain, and 2.91 ppm for stover. The HAFT residues were 2.67 ppm 
inion forage, 1.21 ppm inion grain, and 4.90 ppm inion stover. 

In the wheat field trials, endothall residues at 0 DAT were 0.63-2.27 ppm in/on 8 samples of 
forage and 1.00-3.09 ppm inion 8 samples of hay harvested from 4 plots after only 2 or 3 
applications (2.19-3.39 lb ae/ A). Following all six applications (6.58-6.77 lb ae/A), endothall 
residues at 0 or 1 DAT were 0.20-2.01 ppm inion 8 samples of grain and 0.61-2.76 ppm inion 8 
samples of straw from 4 plots each. Average endothall residues were 1.15 ppm for forage, 1.94 
ppm for hay, 0.71 ppm for grain, and 1.83 ppm for straw. The HAFT residues were 2.13 ppm 
inion forage, 3.09 ppm in/on hay, 1.91 ppm in/on grain, and 2.74 ppm in/on straw. Residue 
decline data were not provided in any field trials, and no phytotoxicity was reported for any of 
the treated cereal grain crops. 

Rice. 

27 of 59 

27 



Endothall Summary of Analytical Chemistry and Residue Dala DP#: 356315 

In four rice field trials conducted during 2007 in Zones 4, 6 and 10, a monoalkylamine salt 
formulation of endothall (2 lb ae/gal SC/L) was used to treat the irrigation water at a rate of 5 
ppm ae. The treated water was applied to the rice during grain development and maturation as 
six broadcast foliar applications using overhead sprinklers, at RTis of 6-8 days. Based on the 
concentration of the endothall and the amount of water applied, the application rates for 
endothall were equivalent to 1.13 lb ae/ A/application, for a total of 6. 75-6.77 lb ae/A/season. 
Single control and duplicate treated samples of rice grain and straw were harvested from each 
test on the day of the fmal application or one day later (0-l DAT). Endothall residues were 0.69-
1.22 ppm inion 4 samples of rice grain and 0.94-2.61 ppm inion 4 samples of rice straw 
harvested from 2 plots each at 0-1 DAT. Average endothall residues were 1.01 ppm for grain 
and 1.90 ppm for straw, and the HAFT residues were 1.18 ppm for grain and 2.60 ppm for straw. 
No residue decline data was provided, and no phytotoxicity was reported on the treated rice. 

Grass forage and hay (Group 17). 

A total of six grass field trials were conducted in Zones 4, 6, 11 and 12 during 2006 and 2007, 
including 2 field trials each on bluegrass, Bermuda grass, and fescue grass. In each test, the 
monoalkylamine salt formulation of endothall (21b ae/gal SC/L) was used to treat the irrigation 
water at a rate of 5 ppm ae. The treated water was applied to the grass during vegetative 
development as six broadcast foliar applications using overhead sprinklers, at RTls of 6-10 days. 
Based on the concentration of the endothall in the irrigation water and the amount of water 
applied, the application rates for endothall were equivalent to l.ll-1.17lb ae/A/application, for a 
total of 6.64-7.02 lb ae/Nseason. Duplicate control and treated samples of grass forage and hay 
were harvested on either the day of the final application (0 DAT) in the fescue tests, at 1 DA Tin 
the Bermuda grass tests, or at 1-2 DAT in the bluegrass tests. The forage samples were collected 
immediately after harvest, and the hay samples were field-dried for 2-6 days prior to collection. 

Endothall residues were 1.70-2.86 ppm inion 12 forage samples and 5.34-14.2 ppm inion 12 hay 
samples harvested from 6 plots each at 0-2 DAT. Average endothall residUes were 2.21 ppm for 
forage aud 8.77 ppm for hay, and the HAFT residues were 2.73 ppm for forage aud !3.65 ppm 
for hay. No residue decline data were provided. Phytotoxicity was reported on the treated 
bluegrass at one field site, and consisted of stunting and slight chlorosis 

Nongrass Animal Feeds (Forage, Fodder and Hay) (Group 18). 

In two alfalfa field trials conducted during 2007 in Zones 5 and 7, a monoalkylamine salt 
formulation of endothall (2 lb ae/gal SC/L) was used to treat the irrigation water at a rate of 5 
ppm ae. The treated water was applied to the alfalfa during vegetative development as six 
broadcast foliar applications using overhead sprinklers, at RTis of 6-8 days. Based on the 
concentration of the endothall in the irrigation water and the amount of water applied, the 
application rates for endothall were equivalent to 0.99-1.10 lb ae/A/application, for a total of 
5.94-6.58lb ae/A/season. Duplicate control and treated samples of alfalfa forage and hay were 
harvested from each test on the day of the final application {0 DAT), and the hay samples were 
fleld-dried for 1-5 days prior to collection. 

Endothall residues were 1.41-2.24 ppm inion 4 forage samples and 3.09-5.31 ppm in/on 4 hay 
samples harvested from 2 plots at 0 DAT. Average endothall residues were 1.95 ppm for forage 
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and 5.07 ppm for hay, and the HAFT residues were 2.12 ppm for forage and 5.20 ppm for hay. 
No residue decline data were provided. No phytotoxicity on the treated alfalfa was reported at 
either test site. 

Mint. 

In two mint field trials conducted during 2006 and 2007 in Zones 5 and 11, a monoalkylamine 
salt formulation of endothall (2 lb ae/gal SC/L) was used to treat the irrigation water at a rate of 5 
ppm ae. The treated water was applied to the mint during vegetative development as six 
broadcast foliar applications using overhead sprinklers, at RTis of6-7 days. Based on the 
concentration of the endothall and the amount of water applied, the application rates for 
endothall were equivalent to l.ll-1.13lb ae!A/application, for a total of6.64-6.771b 
ae/Nseason. Single control and duplicate treated samples of mint tops were harvested from each 
test on the day of the final application (0 DAT). Endothall residues were 1.31-2.89 ppm inion 4 
samples of mint tops harvested from 2 plots at 0 DAT. Average endothall residues were 2.14 
ppm, and the HAFT residues were 2.80 ppm. No residue decline data was provided. At one of 
the field sites, the treated mint exhibited signs of phytotoxicity, which consisted of reduced 
development and stunting of the crop. 

Conclusions. Issues pertaining to residues in potable water and fish have been resolved and are 
discussed in the Residue Chemistry Chapter of the Endothal! RED (DP# D32!179, D. Soderberg, 
8/30/2005). 

The submitted field trial data on irrigated crops were conducted according the previously 
submitted protocol. Two to four field trials were conducted for each representative crop in the 
major growing regions for the respective crops. With only a couple of exceptions, sample of 
regulated commodities were harvested at 0 DAT from each field trial. Samples were analyzed 
for residues of endothall using an adequate LC/MS/MS method, and the sample storage durations 
and conditions are supported by the available storage stability data. 

The submitted data are generally adequate for assessing inadvertent residues of endothall on 
irrigated crops. In addition, the residues determined in the 0 DAT samples will rep:resent an 
over-estimate of residues for many of the crops tested, because, because application is at the 
maximum rate, is all applied by overhead irrigation, and irrigation on the day of harvest would 
be highly unlikely to occur due to commercial harvesting procedures. Crops and commodities 
which would be unlikely to be irrigated prior to harvest include: sugar beets, carrots, potatoes, 
dry bulb onions, dried peas and beans, soybeans, tree nuts, field corn grain and stover, sorghum 
grain and stover, wheat grain and straw, and rice grain and straw. 

In addition, HED notes that phytotoxicity was reported on a number of the crops tested, including 
legume vegetables, cucumbers, apple trees, peach trees, grape vines, mint and grass. The 
phytotoxicity generally appeared beginning after the second application and consisted of leaf 
chlorosis and necrosis, with some crops also having reduced growth and stunting. The 
occurrence of phytotoxicity on a wide range of crops suggests that repeated irrigation with water 
containing high levels (5 ppm) endothall is unlikely to occur under normal agricultural condition. 
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Although the submitted data are deemed adequate for assessing tolerances for inadvertent 
residues on irrigated crops, the following deficiencies were noted in the submitted field trial data. 

• The bridging studies comparing the use of the monoalkylamine and dipotassium salts of 
endothall were oflimited use as the two formulations were applied at different rates. In 
terms of acid equivalents, the monoalkylamine salt was applied at a concentration of 5 
ppm and the dipotassium salt was applied at a concentration of 3.5 ppm, which is the 
maximum allowed use rate of the dipotassium salt (0. 7x rate for the monoalkylamine 
salt). For each of the crops tested with both salt formulations, endothall residues were 
0.6-0.9x lower for the dipotassium salt than for the monoalkylarnine salt, which is 
consistent with the lower use rate for the dipotassium salt. Although the bridging studies 
do not allow for direct comparison of the two salts, the data do indicate that endothall 
residues resulting from application of the dipotassium salt to irrigation canals will be 
lower than from the monoalkylamine salt, when both are applied according to current 
label directions. 

• Spinach should have been used as the representative leafy vegetable crop, as foliar 
applications generally result in higher residues on spinach than on lettuce (leaf and head) 
or celery. 

• Mustard greens should have been used as the representative Brassica vegetable crop, as 
foliar applications generally result in higher residues on mustard greens than on broccoli, 
cauliflower or cabbage. 

• Field corn forage, sorghum forage and wheat forage and hay only received 2-3 
applications prior to harvest. For these crops, separate plots should have been established 
for collection of forage and hay samples so that all six applications could have made prior 
to harvest of forage and hay. 

• No field trials were conducted on an oil seed crop such as, canola, flax, safflower, or 
sunflower. 

• No field trials were conducted on peanuts, which is a major field crop. 

The levels of inadvertent residues for endothall supported by the available field trial data are 
listed in Table 10 and discussed below in the Proposed Tolerances Section. 

860.1460 Food Handling 

There are no registered uses that are relevant to this guideline topic. 

860.1480 Meat, Milk, Poultry, and Eggs 

DP# 0321179, D. Soderberg, 8/30/2005 

No cattle or poultry feeding studies are currently available for endothall, and the Endothall RED 
noted that these studies are required. Because IR-4 is proposing tolerances on a wide variety of 
livestock feedstuffs, the dietary burdens of livestock for endothall residues were recalculated for 
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this petition based on the maximum reasonably balanced diets (MRBD). Using the proposed and 
recommended tolerances and the recent changes in calculating residues in MRBDs (Revisions of 
Table 1 Feedstuffs, June 2008), the MRBDs for livestock to endothall residues were calculated to 
be 8.97 ppm for beef cattle, 7.65 ppm for dairy cattle, 3.30 ppm for poultry and 3.58 ppm for 
swine (Table 6) based upon residues in the feeds. 

In addition to the dietary exposure oflivestock through the consumption of feedstuffs, the 
Endothall RED noted that livestock may also be exposed to endothall residues through the 
consumption of endothall~treated water. For purposes of setting tolerances it must be considered 
that livestock may be exposed to water at the maximum labeled value of 5 ppm. The potential 
contribution of endothall residues in water to the dietary exposure of livestock was calculated 
following the procedures described in PP# I F3991/1F3935 (G. Okatie, 9/4/92), based on the 
concentration of endothall in the drinking water, the daily water constunption, and the daily feed 
intake. The estimated values for daily water consrunption and food intake (dry wt. basis) are 
presented in Table 7, along with the calculated contribution of the treated water to the dietary 
burden. When expressed on the basis of the dry feed intake, the contribution of endothall-treated 
water to the dietary burden would be 19.2 ppm for beef cattle, 45.4 ppm for dairy cattle, 13.5 
ppm for poultry, and 16.1 ppm for swine. When combined with the exposure to endothall 
residues in feedstuffs, the total dietary exposure of livestock to endothall residues would be 27.7 
ppm for beef cattle, 35.8 ppm for dairy cattle, 16.8 ppm for poultry, and 19.7 ppm for swine (as 
shown in Table 8. 

Using the TRR estimated in the relevant livestock tissues after dosing in the metabolism it is 
possible to make some estimate of the maximum residues expected in the livestock tissues. In 
this way, residues in the tissues are estimated as shown in Table 9. However, given the levels of 
dietary exposure of livestock to endothall residues in both their feedstuffs and drinking water, 
cattle and poultry feeding studies are required and registration must be contingent upon 
submission of these studies. 

Table 6, Calculation of Dietary Burdens of Endothall Residues in Livestock. 

Feedstuff Type 1 %Dry 
% Diel2 Recommended Dietary Contribution 

Matter2 Tolerance (ppm) (ppm)J 

Beef Cattle R: 15%; CC: 80%; PC: 5% 

Grass, hay R 88 15 18 3.07 

Grain, aspirated fractions cc 85 5 35 2.06 

Wheat, milled byproducts cc 88 40 5.0 2.28 

Grain, cereal, group 15 cc 88 30 4.0 1.37 

Sugar, beet, molasses cc 75 5 1.5 0.1 

Soybean, meal PC 92 5 0.24 0.01 

TOTAL BURDEN 100 8.9 

Dairy Cattle R: 45%; CC: 45%; PC: 10% 
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Table 6. Calculation or Dietary Burdens of Endothall Residues in Livestock. 

Feedstuff Type1 %Dry 
%Diee 

Recommended 
Matter2 Tolerance (ppm) 

Grass, hay R 88 20 18 

Almond, hulls R 90 5 15 

Animal feed, Non grass, R 35 20 4.0 
group 18, forage 

Wheat, milled byproducts cc 88 30 5.0 

Grain, cereal, group 15 cc 88 10 4.0 

Sugar, beet, molasses cc 75 5 1.5 

Soybean, meal PC 92 10 0.24 

TOTAL BURDEN 100 

Poultry CC: 75%; PC: 25% 

Grain, cereal, group 15 cc 88 75 4.0 

Alfalfa, meal, (Animal feed, PC 89 5 10.0 
Nongrass, group 18, hay) 

Soybean, meal PC 92 20 0.24 

TOTAL BURDEN -- -- 100 --
Swine CC: 85 %; PC: 15% 

Grain, cereal, group 15 cc 88 85 4.0 

Alfalfa, meal, (Animal feed, PC 89 5 10.0 
Nongrass, group 18, hay) 

Soybean, meal PC 92 10 0.24 

TOTAL BURDEN -- -- 100 --
' R. Roughage, CC. Carbohydrate concentrate, PC. Protem concentrate. 
2 OPPTS 860.1000 Table I Feedstuffs (June 2008). 

DP#: 356315 

Dietary Contribution 
(ppmi 

4.09 

0.83 

2.29 

1.70 

0.46 

0.1 

0.02 

9.5 

3.0 

0.5 

0.04 

3.6 

3.4 

0.5 

0.02 

4.0 

3 Contribution= ([tolerance/% DM] X% diet) for beef and dairy cattle; contribution= ([tolerance] X% diet) for 
poultry and swine. 
4 The tolerance for soybean seeds was used for soybean meal. 

Table 7. Calculation of Dietary Burdens orEndothall Residues to Livestock from Consumption or 
Treated Water. 

Endothall Water 
Feed consumption Dietary Contribution 

Feedstuff concentration in consumption 
(kg dry wt./day) 1 from water (ppm) 2 

water (ppm) (kgiday) 

Beef cattle (feedlot cattle) 5.0 35 9.1 19.2 

Dairy cattle (lactating cows) 5.0 218 24 45.4 

Poultry (laying hens) 5.0 0.14 0.052 13.5 

Swine (fmishing hogs) 5.0 10 3.1 16.1 

' Feed consumption from ChemSAC Memo, 6/30/2008. 
2 Contribution= (endothall concentration X water consumption/day)"'"" feed consumption/day. 
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Table 8. Calculation of Total (Feed Plus Water) Dietary Burdens ofEndothall 
Residues to Livestock 

Feedstuff Feed Water Total 

Beef cattle (feedlot cattle) &.9 19.2 28.1 

Dairy cattle (lactating cows) 9.5 45.4 54.9 

Poultry (laying hens) 3.6 13.5 17.1 

Swine (finishing hogs) 4.0 16.1 20.1 

Table 9. Calculation of estimated Residues in Livestock Tissues Based upon the 
TRR in the Metabolism Studies. 

Residues of Endothall in Dairy Cattle Tissues Based upon the Goat Metabolism Study 

Tissue Total Radioactive Residues (ppm) Anticipated Residues (ppm) after Feeding at 
after Feeding at 12.0 ppm 54.9 ppm 

Milk 0.006 
0.028 

Kidney 0.046 
0.21 

Liver 0.020 
0.092 

Muscle 0.005 
0.023 

F" 0.002 
0.009 

Residues ofEndothall in Beef Cattle Tissues, Sheep, Goats Based upon the Goat 
Metabolism Study 

Tissue Total Radioactive Residues (ppm) Anticipated Residues (ppm) after Feeding at 
after Feeding at 12.0 ppm 28.1 

Kidney 0.046 
0.108 

Liver 0.020 
0.047 

Muscle 0.005 
0.012 

F" 0.002 
0.005 

Residues of Endothall in Swine Tissues Based upon the Goat Metabolism Study 

Tissue Total Radioactive Residues (ppm) Anticipated Residues (ppm) after Feeding at 
after Feeding at 12.0 ppm 20.1 ppm 

Kidney 
0.046 

0.077 

Liver 
0.020 

0.034 

Muscle 
0.005 

0.008 

p, 
0.002 

0.003 

Residues ofEndothall in Poultry Tissues Based upon the Chicken Metabolism Study 
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Table 9. Calculation of estimated Residues in Livestock Tissues Based upon the 
TRR in the Metabolism Studies. 

Tissue Total Radioactive Residues (ppm) Anticipated Residues (ppm) after feeding at 
after feeding at 9.7 ppm 17.1 ppm 

Ew 0.024 
0.042 

Yolk 0.024 0.042 

White 0.002 0.004 

Kidney and Other Meat 0.088 0.!6 

Byproducts 

Liver 0.021 0.037 

Muscle 0.008 0.0!4 

P.t 0.007 O.Ot2 

860.1500 Crop Field Trials 

No new direct uses on crops are being proposed in the current petition; therefore, data 
requirements for crop field trials are not relevant to this petition. In addition, because of the high 
application rates the current data are expected to yield higher residues than would occur in crops 
rotated after a terrestrial use. Thus, these tolerances preempt the need for additional rotational 
crop studies. 

860.1520 Processed Food and Feed 

DP# D32ll79, D. Soderberg, 8/30/2005 
4752070 J.de2.doc (Sugar beet) 47520705.de2.doc 
47520706.de2.doc (Tomato) 47520708.de2.doc 
47520709.de2.doc (Apple) 47520713.de2.doc 
47520716.de2.doc (Grape) 47520717.de2.doc 
47520718.de2.doc (Rice) 

(Soybean) 
(Orange) 
(Field com, sorghum and wheat) 
(Mint) 

Adequate cotton and potato processing studies are available supporting the direct use of endothall 
on these two crops as a defoliate/desiccant (DP# D321179, D. Soderberg, 8/30/2005). In the 
acceptable cotton processing study, cotton plants were treated with endothall as two broadcast 
foliar applications at rates totaling 3.2lb ae/A (25-32x rate), with the second application being 
made 3 days prior to harvest. Endothall residues were 1.49 ppm inion the undelinted cottonseed 
(RAC), which was then processed into hulls, meal and crude and refined oils. Endothall residues 
did not concentrate in hulls (0.36x), meal (0.22x), or refined oil (0.03x). 

In the acceptable potato processing study, mature potato plants were treated with endothall (2lb 
ae/gal) as two broadcast foliar applications at 5.0 lb ae/A, at RTI of 5 days, for a total of 10 lb 
ae/A (I Ox rate). Mature tubers harvested 7 days after the second application and processed into 
flakes, chips and wet peel. Endothall residues were 0.084 ppm in/on mature tubers, 0.088 ppm in 
flakes, 0.045 ppm in chips and 0.024 ppm in wet peel. These data indicate that endothall 
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residues concentrated only slightly in flakes (1.04x) and were reduced in chips (0.54x) and wet 
peel (0.28x) fractions. 

In support of the current petition for use of endothall-treated water on irrigated crops, lR-4- has 
submitted processing studies on apples, grapes, field corn, mint, oranges, rice, soybeans, 
sorghum, sugar beets, tomatoes and wheat. In each of these processing studies, endothall 
residues were determined using an adequate LC/M"S/MS method (Method No. KP-242Rl), 
which is described in the above Residue Analytical Methods Section. The method was validated 
in conjunction with each processing study, and the validated LOQ for endothall is 0.05 ppm in 
each RAC and processed fraction. Although endothall residues were reported to be <LOQ in/on 
several RACs and related processed fractions, review of the raw data indicated that endothall 
residues inion these fractions were often just below the validated LOQ and were well above the 
estimated LODs. Therefore, when endothall residues were <LOQ inion the RAC sample, residue 
values 2:LOD were used to calculated processing factors whenever possible. 

The sample storage conditions and durations for the various RACs and processed fractions from 
each of the studies are supported by the available storage stability data. The details for each of 
the submitted processing studies are discussed below, and the resulting processing factors from 
each study are summarized in Table I 0. 

Table 10. Summary of Processing Factors for Endothall from Crops Irrigated with Endotball-treated 
water. 

RAC Processed Commodity 
Application Rate 1 PHI 

Processing Factor 
ppm lb ae/A (days) 

Apple 2 Juice 5.0 6.79 0 
1.2x 

Wet pomace 2.8x 

Field Com Grits NC 1 

Meal NC 1 

Flour 
5.0 6.77 0 

NC' 
Refined oil (dry milling) Nc' 
Starch NC 1 

Refined oil (wet milling) NC 1 

Grape Juice 
5.0 6.73 0 

1.2xs 

Raisins 4.4x 

Mint Oil 5.0 6.64 0 <O.OO!x 

Orange 2 Dried pulp 2.2x 

Juice 5.0 6.63 0 0.7x 

Oil <0.2x 

Rice Hulls 3.9x 

Bnm 5.0 6.75 I 2.3x 

Polished rice O.Q7x 

Sorghum Flour 5.0 6.77 0 0.7x 

Soybean 2 Hulls 3.9x 

Meal 5.0 6.77 0 0.8x 

Refined oil <0.005x 

Sugar beet Dried pulp l.lx 

Molasses 5.0 6.79 0 2.4x 

Rdine sugar <O.lx 

Tomato 2 Puree 5.0 6.77 0 2.1x4 
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Table to. Summary of Processing Factors for Endothall from Crops Irrigated with Endotha!l·treated 
water. 

RAC Processed Commodity 
Application Rate 1 PI-ll 

Processing Factor 
ppm lb ae!A (days) 

Paste 3.3x4 

Wheat Aspirated grain fractions 
15> (AGF) 

Genn 2.6x 

Bnrn 5.0 6.71 0 2.3x 

Middlings 0.9x 

Flour 0.6x 

Shorts 1.4x 

' The rate IS expressed both m terms of the concentratiOn m the trngatton water (ppm) and the total amount (lb ae!A) apphed. 
1 Residue values <LLMV but?.LOD were used for calculating processing factors. 
1 Residues were <LLMV and <LOD in/on field com grain and each processed fraction. NC "'not calculated. 
• Residues were below the LIJ\.-1V (<0.05 ppm) in both fruit and puree samples, but were we!! above the LOD at 0.002 ppm) 
1 1.2x is the Maximum Theoretical Processing Factor for grape juice 

Apple. In a field trial conducted in NY (Zone 1) during 2006, a monoalkylamine salt 
formulation of endothall (2.0 lb ae/gal SC/L) was used to treat the irrigation water at a rate of 5 
ppm ae. The treated water was then applied using overhead sprinklers to the apple trees as six 
broadcast foliar applications during fruit development at a RTl of? days. A volume equivalent 
to 1 acre inch of water (~27,154 gallA) was applied for each application. Based on the 
concentration of the endothall and the amount of water applied, the application rate for endothall 
was equivalent to 1.13 lb ae/ A/application, for a total of 6.79lb ae/A/season. Single bulk control 
and treated samples of apples were harvested at normal crop maturity, immediately following the 
last irrigation (0 DA T). The fruit was processed into juice and wet pomace using simulated 
commercial procedures. 

Although endothall residues were <LOQ (<0.05 ppm) in/on whole fruits and juice, residues in 
these fractions were still above the estimated LOD (0.0025 ppm). Therefore, residue values 
>LOD were used to calculate the processing factors. Residues of endothall averaged 0.033 ppm 
inion whole fruit (<LOQ) and were 0.041 ppm in juice and 0.091 ppm in wet pomace. The 
calculated processing factors were 1.2x for juice and 2.8x for wet pomace. 

Based on HAFT residues of0.039 ppm for apples, the maximum expected residues would be 
0.047 ppm in juice and 0.109 ppm in wet pomace. As the recommended tolerance for pome 
fruits is 0.05 ppm, a separate tolerance for apple juice is not required, but a tolerance of 0.15 ppm 
is required for wet apple pomace. 

Field corn. In a field trial conducted in IL (Zone 5) during the 2007, a mono alkylamine salt 
formulation of endothall (2 lb ae/gal SC/L) was used to treat the irrigation water at a rate of 5 
ppm ae. The treated water was then applied using overhead sprinklers to field com as six 
broadcast foliar applications during grain development and maturation at RTis of 6-8 days. A 
volume equivalent to 1 acre inch of water (-27,154 gaVA) was applied for each application. 
Based on the concentration of the endothall in the irrigation water and the amount of water 
applied, the application rate for endothall was equivalent to 1.12·1.13 lb ae/A/application, for a 
total of 6. 77 lb ae/A/season. Single bulk control and treated samples of mature corn grain was 
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harvested on the day of the last irrigation (0 DAT), and the corn grain was processed into grits, 
meal, flour and oil by drywmilling and into starch and oil bywetwmilling. 

Following applications totaling 6.77 lb ae/ A, endothall residues were <0 .05 ppm ( <LOQ) in/on 
the corn grain (RAC) and all its processed fractions. Although processing factors could not be 
determined for any processed corn fractions, there was no indication of endothall residues 
concentrating in processed corn commodities. Therefore, endothall are unlikely to occur in 
processed commodities derived from irrigated field corn. 

Grape. ln a field trial conducted in NY (Zones 1) during 2006, a monoalkylamine salt 
formulation ofendothall (2lb ae/gal SC/L) was used to treat the irrigation water at a rate of 5 
ppm ae. The treated water was then applied using overhead sprinklers to the grapes as six 
broadcast foliar applications during fruit development at RTis of 7 days. A total of~ 1 acre inch 
of water (27,154 gal/A) was applied for each application. Based on the concentration of the 
endothall and the amount of water applied, the application rates for endothall were equivalent to 
1.12 lb ae/A/application, for a total of 6.73 lb ae/ A/season. Single bulk control and treated 
samples of grapes were harvested at normal crop maturity, immediately following the last 
irrigation (0 DAT), and the grapes were processed into juice and raisins using simulated 
commercial procedures. 

Residues of endothall averaged 0.28 ppm in/on whole grapes (RAC) were 1.24 ppm in juice and 
1.21 ppm in raisins. Thus, the processing factors calculated from these data for juice and raisins 
were 4.3x and 4.4x, respectively. However, the theoretical concentration factors for juice and 
raisins are 1.2x and 4.7x, respectively. Although the processing factor for raisins was in line 
with the theoretical value, the processing factor for juice was impossibly higher than the 
theoretical value. Therefore, the 1.2x factor will be used for assessing the need for grape juice 
tolerance (and in the dietary exposure assessment). 

Based on HAFT residues of 0.642 ppm for grapes, the maximum expected residues would be 
0.77 ppm in juice and 2.8 ppm in raisins. As the recommended tolerance for grapes is 0.9 ppm, a 
separate tolerance for grape juice is not required, but a tolerance of 3.0 ppm is required for 
raisins. 

Mint. In a field trial conducted in W A (Zone 11) during 2006, a monoalkylamine salt 
formulation of endothall (2 lb ae/gal SC/L) was used to treat the irrigation water at a rate of 5 
ppm ae. The treated water was then applied using overhead sprinklers to mint as six broadcast 
foliar applications during vegetative development at RTis of 7 days. A volume equivalent to 1 
acre inch of water (~27, 154 gal/A) was applied for each application. Based on the concentration 
of the endothall in the irrigation water and the amount of water applied, the application rate for 
endothall was equivalent to 1.11 lb ae/A/application, for a total of 6.64 lb ae/A/season. Single 
bulk control and treated samples of mint tops were harvested at normal crop maturity, 
immediately following the last irrigation (0 DAT) and were processed into oil using simulated 
commercial procedures. 

Following six overhead sprinkler applications of endothall to mint at rates totaling 6.64lb ae/A, 
residues were 3.96 ppm in mint tops (RAC) and nondetectable {<0.0001 ppm) in mint oil, 
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indicating that the processing factor of endothall in mint oil is <0.00 I x. As residues are reduced 
in mint oil, a separate tolerance for mint oil is not required. 

Orange. In a field trial conducted in FL (Zone 3) during 2006, a monoalkylamine salt 
formulation of endothall (2 lb ae/gal SCIL) was used to treat the irrigation water at a rate of 5 

·ppm ae. The treated water was then applied using overhead sprinklers to the orange trees as six 
broadcast foliar applications during fruit development at RTis of 5M6 days. A volume equivalent 
to I acre inch of water (~27,154 gal/A) was applied for each application. Based on the 
concentration of the endothall and the amount of water applied, the application rate for endothall 
was equivalent to 1.10 lb ae/A/application, for a total of 6.63 lb ae/ A/season. Single bulk control 
and treated samples of oranges were harvested at normal crop maturity, immediately following 
the last irrigation (0 DAT). The fruit was processed into juice, oil and dried pulp using simulated 
commercial procedures. 

Although endothall residues were <LOQ (<0.05 ppm) inion whole orange fruits and in each 
processed fraction, residues above the estimated LOD (0.0025 ppm) were detected in each 
fraction except oil. Residues were detected at 0.019 ppm inion whole fruit and at 0.014 ppm in 
juice, 0.041 ppm in dried pulp. Residues in oil were <LOD. Based on these residue values the 
processing factors were 0.7x for juice, 2.2x for dried pulp, and <0.2x for oil. The theoretical 
processing factors for citrus juice and oil are 2x and IOOOx, respectively. 

Based on HAFT residues of 0.026 ppm for oranges, the maximum expected residues would be 
0.057 ppm dried pulp. As the recommended tolerance for citrus fruits is 0.05 ppm, a separate 
tolerance ofO.l ppm is required for dried citrus pulp. Separate tolerances are not required for 
citrus juice and oil. 

Rice. In a field trial conducted in TX (Zone 6) during 2007, a mono alkylamine salt formulation 
of endothall (2 lb ae/gal SCIL) was used to treat the irrigation water at a rate of 5 ppm ae. The 
treated water was then applied using overhead sprinklers to rice as six broadcast foliar 
applications during grain development and maturation at RTis of 6-7 days. A volume equivalent 
to I acre inch of water (-27,154 gal/A) was applied for each application. Based on the 
concentration of the endotball in the irrigation water and the amount of water applied, the 
application rate for endothall was equivalent to 1.13 lb ae/A/application, for a total of 6. 75 lb 
ae/ A/season. Single bulk control and treated samples of rice grain were harvested at normal crop 
maturity, one day after the last irrigation (I DA T), and processed into hulls, bran and polished 
rice using simulated commercial procedures. 

Following six sprinkler applications of endothall at rates totaling 6. 75 lb ae/A, residues in whole 
grain (RAC) were 0.872 ppm at I DAT, and the residues in the processed fractions were 0.60 
ppm for polished rice, 3.44 ppm for hulls and 2.03 ppm for bran. The resulting processing 
factors were 0.07x for polished rice, 3.9x for hulls and 2.3x for bran. The theoretical processing 
factors for rice are 5x for hulls and 7.7x for bran. 

Based on HAFT residues of 1.18 ppm for rice grain, the maximum expected residues would be 
4.6 ppm for hulls and 1.48 ppm for bran. As the recommended tolerance for cereal grains is 3.0 
ppm, a separate tolerance for rice bran is not required, but a tolerance of 5.0 ppm is required for 
rice hulls. 
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Sorghum. In a field trial conducted inKS (Zone 7) during 2007, a monoalkylamine salt 
formulation of endothall (2lb ae/gal SC/L) was used to treat the irrigation water at a rate of 5 
ppm ae. The treated water was then applied using overhead sprinklers to the sorghum crop as six 
broadcast foliar applications during grain development and maturation at RTls of 6-8 days. A 
volume equivalent to I acre inch of water (-27,154 gal/A) was applied for each application. 
Based on the concentration of the endothall in the irrigation water and the amount of water 
applied, the application rate for endothall was equivalent to 1.12~1.13lb ae/Alapplication, for a 
total of 6. 77 lb ae/ Alseason Single bulk control and treated samples of mature sorghum grain 
were harvested on the day of the last irrigation (0 DAT), and the grain samples processed into 
flour using simulated commercial procedures. 

Endothall residues were 1.49 ppm inion sorghum grain (RAC) and 1.09 ppm in sorghum flour, 
indicating that residues were reduced in flour by 0. 7x. Therefore, separate tolerance is not 
required for sorghum flour. 

Soybean. In a field trial conducted in IA (Zone 5) during 2007, a monoalkylamine salt 
formulation of endothall (2lb ae/gal SC/L) was used to treat the irrigation water at a rate of5 
ppm ae. The treated water was then applied using overhead sprinklers to soybeans as six 
broadcast foliar applications during seed and pod development at RTJs of 6-8 days. A volume 
equivalent to I acre inch of water (-27,154 gaVA) was applied for each application. Based on 
the concentration of the endothall in the irrigation water and the amount of water applied, the 
application rate for endothall was equivalent to 1.13 lb ae/A/application, for a total of 6.77 lb 
ae/A/season. Single bulk control and treated sample.s of soybeans were harvested at normal crop 
maturity, immediately following the last irrigation (0 DAT). The soybeans were processed into 
hulls, meal and refined oil using simulated commercial procedures. 

Following six overhead sprinkler applications of endothall (monoalkylamine salt) to soybeans at 
rates totaling 6.77lb ae/A, endothall residues were 0.021 ppm (<LOQ) inion whole seeds, 0.083 
ppm inion hulls, 0.017 ppm in meal, and nondetectable (<0.0001 ppm) in refined oil. The 
processing factors were 3.9x for hulls, 0.8x for meal, and <0.005x for oil. The theoretical 
processing factors for soybean commodities are 11.3x for hulls, 2.2x for meal, and 12x for oil. 

Based on HAFT residues of 0.07 ppm for soybeans, the maximum expected residues would be 
0.273 ppm for hulls. As the recommended tolerance for soybean seeds is 0.2 ppm, a separate 
tolerance of 0.3 ppm is required for soybean hulls. 

Sugar beet. In a field trial conducted inCA (Zones 10) during 2007, a monoalkylamine salt 
formulation of endothall (2lb ae/gal SC/L) was used to treat the irrigation water at a rate of 5 
ppm ae. The treated water was then applied using overhead sprinklers to the sugar beets as six 
broadcast foliar applications during vegetative development at RTis of7-8 days. A volume 
equivalent to 1 acre inch of water (-27,154 gal/A) was applied for each application. Based on 
the concentration of the endothall and the amount of water applied, the application rate for 
endothall was equivalent to 1.13 lb ae/ A/application, for a total of 6. 79 lb ae/ Alseason. Single 
bulk control and treated samples of sugar beet roots were harvested at normal crop maturity, 
immediately following the last irrigation (0 DA T). The roots were washed and processed into 
dried pulp, molasses, and refined sugar using simulated commercial procedures. 
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Residues of endothall averaged 0.493 ppm inion whole unwashed roots (RAC) and were 0.554 
ppm in dried pulp, 1.203 in molasses, and <0.05 ppm in refined sugar. The processing factors 
were 1.1 x for dried pulp, 2.4x for molasses, and <0.1 x for refined sugar. The theoretical 
concentration factor for refined sugar is 12.5x. 

Based on HAFT residues of 0.493 ppm for sugar beet roots, the maximum expected residues 
would be 0.542 ppm for dried pulp and 1.18 ppm in molasses. As the recommended tolerance 
for root and tuber vegetables is 1.0 ppm, a separate tolerance is not required for dried pulp, but a 
tolerance of 1.2 ppm is required for sugar beet molasses. 

Tomato. In a field trial conducted in FL (Zone 3) during 2006, a monoalkylarnine salt 
formulation of endothall (2lb ae/gal SC/L) was used to treat the irrigation water at a rate of 5 
ppm ae. The treated water was then applied using overhead sprinklers to tomatoes as six 
broadcast foliar applications during fruit development at RTis of 8 days. A volume equivalent to 
1 acre inch of water (~27,154 gal/A) was applied for each application. Based on the 
concentration of the endothall in the irrigation water and the actual amount of water applied, the 
application rate for endothall was equivalent to 1.13 lb ae/A/application, for a total of 6.77lb 
ae/A/season. Single bulk control and treated samples of tomatoes were harvested at normal crop 
maturity, immediately following the last irrigation (0 DA T). The tomatoes were processed into 
puree and paste using simulated commercial procedures. 

Residues of endothall were formally reported to be <0.05 ppm in/on whole fruits and puree and 
0.069 ppm in tomato paste. However, page 81 of the report indicated that detectable residues 
(~0.002 ppm) were present in whole fruit at 0.021 ppm, 0.044 ppm in the puree, and 0.069 in the 
paste. Since the residues in the puree seemed no less likely to be reasonable estimates than those 
on the raw fruit or in the puree (all are below the LLMV, but above the LOD. We have used 
these numbers to estimate factors of2.lx for puree and 3.3x for the paste. These numbers make 
reasonable sense when compared to the mass balance calculations. EPA's published theoretical 
processing factors for tomato puree and paste are 1.4 and 5.5x, respectively. 

Both processing factors lead to values above the recommended tolerance. Therefore, a separate 
tolerance of0.1 ppm is required for both tomato puree and tomato paste. 

Wheat. In a field trial conducted in TX (Zone 6) during 2007, a monoalkylamine salt 
fonnulation of endothall (2 lb ae/gal SC/L) was used to treat the irrigation water at a rate of 5 
ppm ae. The treated water was then applied using overhead sprinklers to the wheat crop as six 
broadcast foliar applications during grain development and maturation at RTis of 6~8 days. A 
volume equivalent to 1 acre inch of water (~27,154 gal! A) was applied for each application. 
Based on the concentration of the endothall in the irrigation water and the amount of water 
applied, the application rate for endothall was equivalent to 1.12~ 1.13 lb ae/;Vapplication, for a 
total of6.7llb ae!A/season. Single bulk control and treated samples of mature wheat grain were 
harvested at normal maturity, on the day of the last irrigation (0 OAT). The wheat grain was 
initially cleaned to generate AGF and was then milled using simulated commercial procedures 
into germ, bran, middlings, shorts and flour. 
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Endothall residues were 1.34 ppm in/on the bulk sample of wheat grain and 20.3 ppm inion the 
composited AGF sample, for a concentration factor of 15x for wheat AGF. Following 
processing, endothall residues were 3.44 ppm in germ, 3.10 ppm in bran, 1.14 ppm in middlings, 
0.75 ppm in flour, and 1.81 ppm in shorts. The resulting processing factors were 2.6x for germ, 
2.3x for bran, 0.9x for middlings, 0.6x for flour, and 1.4x for shorts. 

Based on HAFT residues of 1.91 ppm for wheat grain, the maximum expected residues would be 
28.7 ppm for AGF, 4.97 ppm for germ, 4.39 ppm for bran and 2.67 ppm for shorts. Because 
residues in shorts are below the recommended 3 ppm tolerance for cereal grains, a separate 
tolerance in not required for shorts. However, a tolerance of 5.0 ppm in required on wheat milled 
byproducts to cover residues in wheat germ and bran. In addition, a 30 ppm tolerance is required 
for grain AGF. 

Conclusions. The submitted processing studies for irrigated crops are adequate, and cover all the 
crops requested in the Endothall RED. The appropriate processed fractions were generated in 
each study, and endothall residues in each RAC and processed commodity were determined 
using an adequate LC/MS/MS method. The sample storage conditions and durations are also 
supported by the available storage stability data. With the exception of field corn grain, 
detectable residues of endothall were found in all RAC samples. HED notes that although 
residues were reported to be <0.05 ppm ( <LOQ) in the apple, orange, soybean and tomato 
samples used for processing, endothall residues were detectable in each of these RACs at 0.0 19~ 
0.033 ppm. Therefore, these detectable residues were used for calculating processing factors for 
these crops. 

Endothall residues were shown to concentrate in the following processed fractions: apple juice 
(1.2x) and wet pomace (2.8x), grape raisins (4.4x), dried citrus pulp (2.2x), rice hulls (3.9x) and 
bran (2.3x), soybean hulls (3.9x), sugar beet molasses (2.4x) and dried pulp (l.lx), tomato paste 
(3.3x), and wheat germ (2.6x), bran (2.3x) and shorts (1.4x). (Although grape juice had an 
apparent concentration factor of 4.3x, HED used the maximum theoretical processing factor for 
grape juice (1.2x) to assess the need for a separate grape juice tolerance.) 

Based on the above processing factors and the HAFT residues for the various RACs, the 
maximum expected residues in various processed commodities exceeded the tolerance 
recommended for the associated RAC. Therefore, separate tolerances are required for the 
following processed commodities at the recommended levels: apple wet pomace (0.15 ppm), 
raisins (3 ppm), dried citrus pulp (0.1 ppm), rice hulls (5 ppm), soybean hulls (0.3 ppm), sugar 
beet molasses (1.2 ppm), tomato paste (0.1 ppm), and wheat mi!led byproducts (5 ppm). 

Although no processing studies are available for oilseed crops (canola, flax, safflower, and 
sunflower), the available soybean processing study is adequate for assessing the potential for 
concentration of endothall in oil seed meal and refined oil for purposes ofthis petition. The 
soybean processing data indicate that endothall residues are unlikely to concentrate in meal and 
oil fractions from other oil seed crops. 

In addition, wheat processing study showed that residues concentrated in AGF by 15x indicating 
that a separate tolerance will be required for AGF. Because endothall residues were higher in 
wheat grain than in the other major grains (field corn, soybean and sorghum), the HAFT for 
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wheat grain (1.91 ppm) was used to calculate the maximum expected residues for AGF (28.7 
ppm). These data indicate that a tolerance of30 ppm would be appropriate for AGF. 

860.1650 Submittal of Analytical Reference Standards 

An analytical standard for endothall is currently available in the EPA National Pesticide 
Standards Repository (personal communication with Dallas Wright, ACB, I 0/23/08), with an 
expiration date of 12/28/2012. Analytical reference standards must be replenished as requested 
by the Repository. 

Analytical standards of the monomethyl and dimethyl esters are required to be submitted. The 
reference standards should be sent to the Analytical Chemistry Lab, which is located at Fort 
Meade, to the attention of either Theresa Cole or Thuy Nguyen at the following address: 

USEPA 
National Pesticide Standards Repository/Analytical Chemistry Branch/OPP 
70 I Mapes Road 
Fort George G. Meade, MD 20755-5350 

860.1850/1900 Confined and Field Accumulation in Rotational Crops 

DP# D321179, D. Soderberg, 8/30/2005 

Although the available confined rotational crop study was deemed inadequate, HED has 
concluded that based upon the results of the plant metabolism data and of soil and water 
metabolism data, it is possible to infer that the only possible residues of significance in rotated 
crops are endothall and its mono methyl and dimethyl esters. Therefore, a new confined 
rotational crop study is no longer required so long as limited field trials are performed that 
measure all three of endothall, and the monomethyl- and dimethyl- esters of endothall. 

Although the Endothall RED required data from limited field rotational crop trials, the 
inadvertent exposure of crops to endothall via the use of treated irrigation water will clearly 
exceed the potential secondary exposure of crops planted in rotation with endothall treated crops 
such as cotton and potatoes. Therefore, the establishment of tolerances for indirect/inadvertent 
residues of endothall on the proposed irrigated crops supersedes the need for limited field 
rotational trial data or the need for rotational crop tolerances. 

860.1550 Proposed Tolerances 

The residues of concern for endothall for purposes of both risk assessment and tolerance 
enforcement in plant and animal commodities include parent endothall and its monomethyl ester. 
Permanent tolerances are currently established for the combined residues of endothall and its 
monomethyl ester at 0.1 ppm inion cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm 
inion rice grain and straw [40 CFR § 180.293(a)(l)]. An interim tolerance of0.2 ppm has also 
been established for en doth all acid in potable water resulting from the use of the 
monoalkylamine or dipotassium salts of endothall for control of aquatic plants in canals, lakes, 
ponds and other potential water sources. An interim tolerance has also been established for 
endothall on sugar beet at 0.2 ppm [40 CFR §180.319]. 
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The available field trial data are adequate for purposes of assessing inadvertent residues of 
endothall on irrigated crops. Although the residue data available on any given crop is limited, the 
field trials are likely to represent a very conservative estimate of endothall residues on irrigated 
crops. This is not only because crops are (properly) treated at the maximum use rate and the 
maximum number of times per season, but also because overhead irrigation was used and 
because a short PHI (0-DAT) used in each field trial. The occurrence of phytotoxicity on a 
number of the crops tested also make it unlikely that repeated irrigation with water containing 
high levels of endothall (5 ppm) will go unrecognized and be allowed to occur under normal 
agricultural conditions. 

In calculating recommended tolerances for irrigated crops, HED has not utilized the NAFTA 
MRL Calculator (or Tolerance Hannonization Spreadsheet) except for grass commodities, com 
grain and soybeans. The residues are already expected to be very conservative. In addition, only 
a very limited number of field trials were performed for any crop/crop group, and there was only 
one plot for each field trial. Thus, in some cases there was only a single plot tested for a 
crop/crop group. Correct use of the NAFTA MRL Calculator given these limited data would add 
an unrealistically large additional conservative factor onto these already conservative results, and 
results would have less reliability given the limited number of values use for each distribution. 
In addition, several tolerances are based upon residues detected below the LOQ of the method, 
but above the LOD. These residues cannot be considered to be non-detectable, but the precision 
of determination of residues in this range is larger than normally attributed to the method, and 
results are usually biased high due to undue influence of background contribution to the 
responses. Given all of this, given that these tolerances are for inadvertent residues and therefore 
in many cases are based upon very broad translations of data, sometimes even across crop 
groups, HED has concluded that it makes better sense to estimate tolerances using a more 
practical, common sense approach. In most cases these tolerances are approximately twice the 
highest results from the highest residues/plot tested. 

The proposed tolerances for irrigated crops are listed in Table 10, along with the Agency'S 
recommended tolerances. As the tolerances on irrigated crops are for inadvertent residues, they 
should be established under 40 CFR § 180.293(d). Substantial changes in the proposed tolerances 
are noted below. 

IR-4 provided residue data on cabbage to support the tolerance on Brassica leafy vegetables. 
However, because mustard greens typically have higher residues than cabbage, the leaf lettuce 
field trial data were used to assess the tolerance on Bras sica leafy vegetables. 

For legume vegetables, the available field trial data indicated that a single crop group tolerance is 
not appropriate. Therefore, HED is recommending that separate tolerances be established for the 
three legume vegetable subgroups (6A, 6B and 6C), along with a tolerance on soybean seeds. In 
addition, IR-4 did not propose a tolerance for the foliage of legumes (group 7). HED is 
recommending a tolerance for legume foliage based on the alfalfa field trial data. 

Tolerances for okra, pistachios and herbs (subgroup 19A) are being recommended based on the 
respective field trial data for tomatoes, tree nuts and mint. 
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For cereal grains, IR-4 proposed tolerances for cereal grains (except rice); however, the available 
residue data indicate that residues for rice grain are similar to wheat and sorghum grain, while 
residues in/on com (field and sweet) are substantially lower. Therefore, RED is recommending a 
crop group tolerance for cereal grain, except com, and establishing separate tolerances for field 
and pop com grain and sweet corn K +CWHR. 

Although IR-4 did not propose tolerances on any processed crop fractions, the available field trial 
and processing data indicate that separate tolerances are required for the following processed 
commodities at the recommended levels: apple wet pomace (0.15 ppm), raisins (3 ppm), dried 
citrus pulp (0.1 ppm), rice hulls (5 ppm), soybean hulls (0.3 ppm), sugar beet molasses (1.2 
ppm), tomato paste (0.1 ppm), and wheat milled byproducts (5 ppm). A separate tolerance is 
also AGF at 30 ppm. 

There are currently no established Codex, Canadian, or Mexican maximum residue limits 
(MRLs) for endothall on plant or·animal commodities. Therefore, there are no issues related to 
harmonization with international MRLs. 

Table ll. Tolerance Summary for Endotball. 

Commodity Proposed Tolerance Recommended Comments; 
(ppm) Tolerance (ppm) Correct Commodity Definition 

40 CFR §180.293(d) 

Vegetable, root and tuber, 2 1.0 Based on maximum residues in sugar 
group I beets (0.493 ppm), carrots (0.088 ppm) 

and potatoes (0.103 ppm) 

Beet, sugar, molasses None 1.5 Maximum expected residues are 1.18 
ppm in molasses based on HAFT 
residues of0.493 ppm in sugar beet roots 
and a 2.4x processing factor. 

Vegetable, leaves of root and 3.5 3.0 Based on maximum residues in sugar 
tuber, group 2 beet lops ( 1.62 ppm) 

Vegetable, bulb, group 3 2 0.5 Based on maximum residues in green 
onions (026 ppm) and dry bulb onions 
(<0.05 ppm) 

Vegetable, leafy, except 3.5 2.0 Based on maximum independent plot 
brassica, group 4 residues in leafletruce (0.99 ppm) and 

head lettuce (0.60 ppm) 

Vegetable, brassica, group 5 0.1 None Based upon Cabbage HAFT of 0.063 
ppm) 

Vegetable, brassica, head and None 0.1 Based upon Cabbage HAFT of 0.063 
stem subgroup SA ppm) 

Vegetable, brassica, leafy, None 2 Based upon maximum residues in leaf 
group 5B lettuce, which better represents residues 

on leafy Brassica than does cabbage. 

Vegetable, legume, group 6 3 None Separate tolerances should be established 

Vegetable, legume, edible None 2.0 for soybeans and the various legume 

podded, subgroup 6A and subgroups based on the maximum 

Pea and bean, succulent residues in succulent beans (0.47 ppm) 

shelled, subgroup 68 and succulent peas (0.94 ppm), and !hose 
in dried beans (0.12 ppm), and on 
soybeans (0.07 ppm}. Soybean seed 
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Table 11. Tolerance Summary for Endothall. 

Commodity Proposed Tolerance Recommended Comments; 
(ppm) Tolerance (ppm) Correct Commodity Definition 

40 CFR §180.293(d) 

Pea and bean, dried shelled, None 0.2 tolerance (4 trials) is based upon 
subgroup 6C tolerance spreadsheet. 

Soybean seed None 0.2 

Soybean, hulls None 0.5 Maximum expected residues are 0.27 
ppm in hulls based on HAFT residues of 
0.07 ppm in soybeans and a 3.9x 
processing factor. 

Vegetable, foliage of legume, None 4 Based on maximum residues in alfalfa 
group 7 forage 

Vegetable, fruiting, group 8 0.05 0.05 Based on maximum residues in tomatoes 

Olcra None 0.05 (<0.05 ppm). 

Tomato, paste None 0.1 Maximum expected residues are 0.069 
ppm in paste based on HAFT residues of 
0.021 ppm in tomatoes and a 3.3x 
processing factor for paste. 

Tomato, puree None 0.1 Maximum expected residues are 0.044 
ppm in paste based on HAFT residues of 
0.021 ppm in tomatoes and a 2.lx 
processing factor for puree. 

Vegetable, cucurbit, group 9 1.1 1.5 Based on maximum residues in 
cucumbers (0.74 ppm). 

Fruit, citrus, group I 0 0.05 0.05 Based on maximum residues in oranges 
(<0.05 ppm). 

Citrus, dried pulp None 0.1 Maximum expected residues are 0.057 
ppm in dried pulp based on HAFT 
residues of 0.026 ppm in oranges and a 
2.2x processing factor. 

Fruit, pome, group 11 0.05 0.05 Based on maximum residues in apples 
(<0.05 ppm). 

Apple, wet pomace None 0.15 Maximum expected residues are 0. I 09 
ppm in wet pomace based on HAFT 
residues of0.039 ppm in apples and a 
2.8x processing factor. 

Fruit, stone, group 12 0.25 0.3 Based on maximum residues in peaches 
(0.15 ppm). 

Canebery subgroup 13-07 A 0.6 0.6 Based on maximum residues in 
and bushberry subgroup 13- blueberries (0.18 ppm) and blackberries 
07B (0.33 ppm). 

Grape 0.9 1.0 Based upon maximum residues on 
grapes ( 0.64 ppm). 

Grape, raisin None 5.0 Maximum expected residues are 2.8 ppm 
in raisins based on HAFT residues of 
0.64 ppm in grapes and a 4.4x 
processing factor. 
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Table 11. Tolerance Summary for Endothall. 

Commodity Proposed Tolerance Recommended Comments; 
(ppm) Tolerance (ppm) Correct Commodity Definition 

40 CFR §l80.293(d) 

Nut, tree, group 14 0.05 0.05 Based on maximum residues in almond 

Pistachio None 0.05 and pecan nutmeats (<0.05 ppm). 

Almond, hulls 10 15 Based on maximum residues in hulls (8.2 
ppm). 

Grain, cereal, group 15, except 1.9 4 The available data support a crop group 
com tolerance, except for corn 

Com, sweet, kernel plus cob None 0.3 Tolerance based on maximum residues 
with husks removed in sweet corn K +CWHR (0.17 ppm) 

Corn, field, grain None 0.07 Tolerance based on tolerance 

Com, pop, grain None O.D7 spreadsheet for com grain 

Cereal, forage, fodder and 5.0 None Combined into Forage, Hay and Straw 
straw, group 16, hay 

Cereal, forage, -fodder and 6 None Combined into Forage, Hay and Straw 
straw, group 16, straw 

Cereal, forage, fodder and 3.5 None Combined into Forage, Hay and Straw 
straw, group 16, forage 

Cereal, forage, fodder and 3.5 6 Based on maximum residues on various 
straw, Group 16, except stover forages (2.7) and wheat hay and straw. 

Note that field corn, sorghum and wheat 
forages received only 2~3 applications 
prior to harvest (0.3~0.5x rate). 

Cereal, forage, fodder and hay, II 10 Based on adequate data from field com 
group 16, stover and sorghum stover (max 5.0 ppm). 

Grain, aspirated fractions 24 35 Maximum expected residues in AGF are 
29 ppm based on HAFT residues of 1.9 
ppm for wheat grain and a concentration 
factor of 15x for AGF. 

Grass, forage, fodder, and hay, 3 3.5 Based upon tolerance spreadsheet (6 
group 17, forage trials) 

Grass, forage, fodder, and hay, 19 18 Based upon tolerance spreadsheet (6 
group 17, hay trials) 

Animal feed, Nongrass, group 3.5 4.0 Based on maximum residues in alfalfa 
18, forage forage (2.1 ppm) and hay (4.9 ppm) 

Animal feed, Nongrass, group 8 10 
18,hay 

Peppern1int, tops 7 5 Based on maximum residues in mint tops 

Spearmint, tops 7 5 (2.8 ppm). 

Herb and spice, group 19 None 5 

ruce, grain 1.7 None Separate tolerances are not required for 
rice grain and straw as these 

Rice, straw 4.5 None 
commodities are covered by the 
tolerances on cereal grains and cereal 
grain straw. 
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Table 11. Tolerance Summary for Endothall. 

Commodity Proposed Tolerance Recommended Comments; 
(ppm) Tolerance (ppm) Correct Commodity Definition 

40 CFR §I80.293(d) 

Rice, hulls None 8 Based on HAFT residues of 1.0 ppm for 
rice grain and a processing factor of3.9x 
for hulls, the maximum expected 
residues in rice hul!s is 4.0 ppm. 

Wheat, milled byproducts None 5 Based" on HAFT residues of 1.9 ppm for 
wheat grain and processing factors of 
2.6x for genn, and 2.3x for bran, and 
!Ax for shorts, the maximum expected 
residues in milled byproducts is 5.0 ppm. 

Food commodities None 5 Inadvertent residues on any food 
crop/commodity not included within the 
assigned crop groups and miscellaneous 
tolerances. Based upon Mint. 

Feed commodities None 10 Inadvertent residues on any feed 
crop/commodity not included within the 
assigned crop groups and miscellaneous 
tolerances. Based upon Cereal Grains. 

Cattle, muscle None 0.03 Based upon calculations for Dairy Cattle 
using metabolism data. 

Cattle, kidney None 0.20 Based upon calculations for Dairy Cattle 
using metabolism data. 

Cattle, liver None 0.10 Based upon calculations for Dairy Cattle 
using metabolism data. 

Cattle, fat None 0.01 Based upon calculations for Dairy Cattle 
using metabolism data. 

Milk None 0.03 Based upon calculations for Dairy Cattle 
using metabolism data. 

Sheep, muscle None 0.015 Based upon calculations for Beef Cattle 
using metabolism data. 

Sheep, kidney None 0.15 Based upon calculations for Beef Cattle 
using metabolism data. 

Sheep, liver None 0.05 Based upon calculations for Beef Cattle 
using metabolism data. 

Sheep, fat None 0.005 Based upon calculations for Beef Cattle 
using metabolism data. 

Goat, muscle None 0.015 Based upon calculations for Beef Cattle 
using metabolism data. 

Goat, kidney None 0.15 Based upon calculations for Beef Cattle 
using metabolism data. 

Goat, liver None 0.05 Based upon calculations for Beef Cattle 
using metabolism data. 

Goat, fat None 0.005 Based upon calculations for Beef Cattle 
using metabolism data. 

Hog, muscle None 0.01 Based upon calculations using 
metabolism data. 

Hog, kidney None 0.10 Based upon calculations using 
metabolism data. 
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Table 11. Tolerance Summary for Endothall. 

Commodity Proposed Tolerance Recommended Comments; 
(ppm) Tolerance (ppm) Correct Commodity D~nition 

40 CFR §180.293(d) 

Hog, liver None 0.05 Based upon calculations using 
metabolism data. 

Hog, fat None 0.005 Based upon calculations using 
metabolism data. 

Poultry, muscle None 0.015 Based upon calculations using 
metabo \ism data. 

Poultry, liver None 0.05 Based upon calculations using 
metabolism data. 

Poultry, fat None 0.015 Based upon calculations using 
metabolism data. 

Poultry, meat byproducts None 0.20 Based upon calculations using 

Egg 
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Residue Data for Endothall 

TriaiiD Zone Crop; Variety Matrix 
Total Rate4 

PHI 
Residues (ppml·6 

(City, State; Year) ppm lb ae/A (days) 

TABLEC.3. Residue Data from Root and Tuber Vegetable Field Trials with Endothall. 

Sugar Beets 

Conklin, MI 2007 
ToP' 

5.0 6.77 0 1.256 1.374 
Ml$19 Sugar beet; 3.5 4.80 0 0.523 0.531 

5 
Beta 5451 5.0 6.77 0 0.199 0.136 

Roots 
3.5 4.80 0 0.120 0,115 

Arroyo Grande, Sugar beet; Tops 
5.0 6.79 0 L618 1.105 

CA 2007 Alpine 3.5 '4.88 0 1.279 0.948' 
CA$22 10 

Medium 5.0 6.79 0 0.591 0.395 
Quickprime Roots 

3.5 4.88 0 0.345 0.316 

Carrot 

Ravenna, MI 
Carrot; 

2007 5 Root 5.0 6.77 0 0.075 0.062 
Ml$20 

Recoleta 

Arroyo Grande, 
CA2006 10 Carrot; Nantes Root 5.0 6.79 0 

. 
0.088 0.088 

CA$06 

Potato 

Conklin, Ml Potato; Dark 
2007 5 Tuber 5.0 6.77 0 0.072 0.103 
Ml$21 

Red Norland 

Payette, ID 2007 
II 

Potato; Ranger 
Tuber 5.0 6.83 0 0.067 O.Q78 

ID$23 Russet 

TABLE C.3. Residue Data from Onion Field Trials with Endothall (SC/L). 

East Bernard, TX Green Onion; 
Whole plant 

2007 6 Evergreen 5.0 6.75 0 0.284 0.234 
TX$07 Hardy White 

without roots 

Arroyo Grande, Dry Bulb 
CA 2007 10 

Onion; Onion 
Dry Bulb 5.0 6.76 0 0.023 1 0.0231 

CA$18 Yellow 
Granex Fl 
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Residue Data for Endothall 

Trial ID 
(City, State; Year) 

TABLE C.3. 

Arroyo Grande, 
CA2006 
CA$04 

North Rose, NY 
2007 
NY$28 

Arroyo Grande, 
CA2006 
CA$05 

Lyons, NY 2007 
NY$31 

TABLE C.3. 
North Rose, NY 
2006 
NY$23 

Baptistown, NJ 
2006 
NJ$08 

TABLE C.3. 

Arroyo Grande, 
CA2007 
CA$26 

Baptistown, NJ 
2006 
NJ$24 

Delavan, WI 2007 
Wl$13 

Richland, lA 
2007 
IA$14 

Ephrata, WA 
2007 
WA$17 

Delavan, WI 2007 
WI$12 

Baptistown, NJ 
2006 
NJ$25 

Newport, AR 
2007 
AR$16 

Zone Crop; V~uiety Ma1rix 
Total Rate4 

ppm I lb ae/A 

PHI 
(days) 

Residue Data from Lettuce Field Trials with Endothall Salts (SCIL). 

10 

10 

Leaf lettuce; 
Greenslar 

LeafLeJtuce; 
Green salad 

bowl 

Head Leituce; 
Snaiper 

Head Lettuce; 
IthaeaMTO 

Leaf Lettuce 
5.0 

Leaves 
3,5 

5.0 
Leaves 

Head Lettuce 
Heads, 

w/wrapper 
leaves 

Heads, 
w/wrapper 

leaves 

5.0 

3.5 .. 

5.0 

3.5 

6.76 0 

0 

6.73 0 

6.76 0 

·o 
7.I7 0 

5.07 0 

Residue Data from Cabbage Field Trials with Endothall (SC/L). 

Matsumo 

Blue Lagoon 

Head with 
wrapper leaves 

Head with 
'Mapper leaves 

5.0 7.00 0 

5.0 5.64 0 

Residues (ppmi-6 

0.743 1.240 

").013; 

0.462 0.410 

0.092 0.081 

0.604 0.491 

0.582 0.436 

0.075 

0.065 0.058 

Residue Data from Legume Field Trials with Endothall Monoamine Salt (SCIL). 

10 

5 

5 

12 

5 

4 

Succulent 
Lima /speckled 

Succulent 
Lima! 

Burpee's 
Improved Bush 

Dry bean/ 
Pinto 

Dry bean/ 
Great Northern 

Succulent Podded Beans 

Succulenl seed 
w/pod 

Succulent seed 
w/pod 

5.0 

5.0 

Dried Beans 

Dried seed 5.0 

Dried seed 5.0 

Succulent Podded Peas 

Succulent peal Succulent seed 
5.0 

Tonic w/pod 

Succulent peal 
Wanto 

Soybean! 
93244449 

Soybean! 
BPR 5423 

oRR 

Succulent seed 
w/pod 5.0 

Soybean 

Dried seed 5.0 

Dried seed 5.0 
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9.02 0 0.414 0.521 

6.75 0 0.291 0.324 

6.77 0 0.134 0.070 

6.77 0 0.109 0.123 

6.74 0 0.878 1.00 

6.74 0 0.537 0.522 

6.75 0.072 0.068 

6.76 0 ND' 
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Residue Data for Endothall 

TriallD Zono Crop; Variety Matrix 
Total Rate4 PHI Residues (ppm)5·6 

(City, State; Year) ppm lb ae/A {days) 

Richland, lA Soybean/ 
2007 5 Dried seed 5.0 6.77 0 0.0201 0.0171 

IA$15 
93M42 

Sparta, IL 2007 Soybean/ 
IL$11 5 AsgrowAG Dried seed 5.0 6.77 0 0.03/J 0.0261 

3905 

TABLE C.3. Residue Data from Tomato Field Trials with Endothall Monoamine Salt (SCIL). 

Grande Arroyo, Tomato/ 
CA20006 10 

Organic Yaqui 
Fruit 5.0 6.74 0 NR' NR' 

CA$28 

Oviedo, FL 2006 
3 

TomatO/ 
Fruit 5.0 6.77 0 0.0271 0.0301 

FL$27 Celebrity 

TABLEC.3. Residue Data from Cucumber Field Trials with Endothall Salts (SC/L). 

Baptistown, NJ 5.0 6.75 0 0.738 0.738 
2006 I Burpless bush Fruit , ...... ,. .. ·· .. ::{·so:·: .;· .. _, ···' . ,' _ .... " 

o~~~9-'_3:.? . :o '0.406'.' NJ$02 

Conklin, Ml2007 
5 Fancipack Fruit 

5.0 6.77 0 0.234 0.284 
Ml$42 J:5 4.81 0 OJ3i' 0310' 
TABLE C.3. Residue Data from Orange Field Trials with Endothall Monoamine Salt (SCIL). 

Dinuba, CA 2006 Rush 
CA$11 10 Thompson Fruit 5.0 6.78 0 0.0241 0.0281 

Improved 

Oviedo, FL 2006 3 Hamlin Fruit 5.0 6.63 0 0.02i 0.021 1 

FL$10 

TABLE C.3. Residue Data from Apple Field Trials with Endothall Monoamine Salt (SC/L). 

North Rose, NY 
2006 I Empire Fruit 5.0 6.79 0 0.031 1 0.04i 
NY$29 

Ephrata, WA 
2006 II Brae bum Fruit 5.0 6.64 0 NO' 0.0431 

WA$16 

TABLEC.3. Residue Data from Peach Field Trials with Endothall Salts (SCIL). 

Morven, GA 5.0 7.08 0 0.0451 0.043 1 

2007 2 White Fruit -.·., 3.5 .• 
. '- •c ... , . .....• i . ~:;1:~,¥i>·i- ,- O.o46~·,_._ .:s;o~: ... : :,._, ·o ." 

GA$01 ' .. ·.·... ?:' ,. "· :,·.'' _.,_, 

Dinuba, CA 2007 
10 Snow Princess Fruit 

5.0 6.78 0 0.144 0.160 
CAS02 3.5· ... .. -, 4~&'7': ' . ;.· ', ·_cr . ...··_:OJ1.8 . j'i .9.i36> ··-· 
TABLE C.3. Residue Data from Crop Field Trials with Endothall Monoamine Salt (SCIL). 

Conklin, Ml Blueberry; 
2007 ' Blue Ray Fruit 5.0 6.77 0 0.158 0.197 
Ml$32 (Highbush) 

Hillsboro, OR Blackberry 
2007 12 Fruit 5.0 6.73 0 0.311 0.346 
OR.$41 

{Boysen) 

TABLE C.3. Residue Data from Tree Nut Field Trials with Endothall Monoamine Salt {SC/L). 

Irwinville, GA 7.01 
2006 2 Pecan; summer Nutmcat 5.0 0 NO' 0.0241 

GA$22 

Coalinga, CA 10 Almond; Nutmeat 5.0 6.80 0 0.0361 0.03i 
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Residue Data for Endothall 

Trial ID 
Zone Crop; Variety Matrix 

Total Rate4 PHI 
Residues (ppm}'·6 

(City, State; Year) ppm lb ae!A (days) 

2007 noupariel Hulls 6.91 8.20 CA$40 

TABLE C.3. Residue Data from Cereal Crop Field Trials with Endothall. 

Sweet Corn 

Sodus, NY 2006 K+CWHR o.os NR' 
NY$17 Forage (w/o 

Sweet corn; ears) 0.52 0.65 
I 5.0 6.75 0 Speedy Sweet Forage 

(w/ears) 0.49 0.40 

Stover (w/ears) 0.69 0.58 

Campbell. MN K+CWHR 0.17 0.17 
2007 Forage (w/o 
MN$10 ears) 1.18 1.28 

1.06 

5 
Sweet corn: 

5.0 6.91 0 Vilalily Forage 
(w/ears) 0.88 

SJO ver (w/ears) 4.70 5.06 

Field Corn 

Baptistown, NJ Forage 3.38 4 0.40 028 
2006 2 

Field corn; 
Grain 5.0 0 0.041 1 0.0391 

NJ$18 TA 3892 6.75 
Stover 3.48 2.89 

Sparta, IL 2007 
Field Corn 

Forage 0.31 0.34 
IL$09 5 Grain 5.0 6.77 0 NR' NR' DK61-73 

Stover 1.56 1.39 

Richland, lA Forage 2.26 3 0.35 0.42 
2007 5 

Field Corn 
Grain 5.0 0 NR' NR' 

IA$06 34A16 6.77 
Stover 2.07 2.37 

Centerville, SO Forage 2.40 3 0.36 0.21 
2007 5 

Field Corn 
Grain 5.0 0 NR' NR' 

SDS05 DKC 54-46 7.10 
Stover 1.07 1.81 

Sorghum 

Sparta, IL 2007 Forage 3.38 4 3.05 2.29 
IL$08 5 

Sorghum 
Grain 5.0 0 1.41 0.91 Dekalb 44 6.77 
Stover 2.60 7.I9 

Richland, IA Forage 3.38 4 0.96 0.57 
2007 5 

Sorghum 
Grain 5.0 0 0.49 0.80 

IA$07 85G01 6.77 
Stover !.II 0.81 

Larned, KS 2007 Sorghum Forage 2.26 3 0.29 0.41 
KSS03 7 Pioneer Grain 5.0 0 1.23 1.18 

87G57 6.77 
Stover 3.10 2.65 

Wheat 

Ephrata, \VA I II f Winter Wheat; j_ Forage I 5.0 1 2.21' 1 0 I 0.74 I 0.63 
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Residue Data for Endothall 

Trial!D Zone Crop; Variety Matrix 
Total Rate4 PHI 

Residues (ppm)5·5 
(City, State; Year) ppm lb ae/A (days) 

2007 Stevens Hay 1.00 1.11 
WA$20 Grain 0.20 0.25 6.64 

Straw 2.20 1.93 

Bermud, TX 2007 Forage 2.24 J 0 
1.99 2.27 

TX$19 Winter wheat; H•y 3.09 3.09 
6 Fannin 5.0 

Grain 2.01 1.80 6.71 I 
Straw 2.72 2.76 

St, Johns, KS Forage 2.26 J 0.84 0.89 
2007 Winter Wheat; H•Y 3.39 4 1.31 1.62 
KSS21 5 

Jagger 5.0 0 
Grain 0.32 0.32 6.77 
Straw 1.49 1.38 

Velva, ND 2007 Forage 2.19 3 0.89 0.94 
ND$04 Spring Wheal; H•y 3.29 4 2.24 2.09 7 

Glenn 
5.0 0 

Grain 0.30 0.47 
6.58 

Straw 1.52 0.61 

TABLEC.3. Residue Data from Grass Feed Crop Field Trials with Endothall Monoamine Salt (SC/L). 

Lecompte, LA Bennuda grass; Forage 2.08 2.23 
2006 4 5.0 7.02 I Russell H•y 9.80 12.40 LA$12 

East Bernard, Bermuda grass; Forage 1.85 2.03 
TX2006 6 5.0 6.75 I Coastal Hoy 13.1 14.2 TX$14 

Ephrata, WA Bluegrass; Forage 1.82 1.85 
2006 II 5.0 6.64 I 
WA$15 

Kenlucky Hoy 7.17 8.91 

Newport, SR Bluegrass; Forage 2.65 2.81 
2007 4 5.0 6. 76 2 
ARS37 

Kentucky H•y 6.51 6.78 

Alexandria, LA Fescue; Forage 1.70 2.86 
2006 4 5.0 7.00 0 

LA$13 
nct ava'1lable H•y 5.89 5.84 

Hillsboro, OR Fescue; Forage 2.65 1.99 
2007 12 

Pure Gold 
5.0 6. 73 0 

ORS38 H•y 5.34 9.24 

TABLEC.3, Residue Data from Non Grass Crop Field Trials with Endothall Monoamine Salt (SC/L). 

Velva, NO Forage 2.13 1.41 
2007 7 Alfalfa; NK919 5.0 6.58 0 

ND$20 H•y 4.98 4.87 

Tilden, IL 2007 
5 

Alfalfa; Forage 
5.0 5.94 0 

2.24 1.99 
IL$30 cattleman's H•y 5.31 3.09 

TABLE C.3. Residue Data from Crop Field Trials with Endothall Monoamine Salt (SC/L). 

Velva, NO Forage 2.13 1.41 
2007 7 Alfalfa; NK919 5.0 6.58 0 
ND$20 H•Y 4.98 4.87 

Tilden, lL 2007 
5 

Alfalfa; Forage 
5.0 5.94 0 

2.24 1.99 
IL$30 cattleman's H•y 5.31 3.09 

TABLEC.3. Residue Data from Grape Field Trials with Endothall (2 lb aelgaJ SC/L). 

North Rose, NY 
2006 I Elvira Fruit 4.98 6.73 0 OA33 0.376 
NY$01 
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Residue Data for Endothall 

Trial ID Zone Crop; Variety Matrix 
Total Rate4 PHI Residues (ppm)s,6 

(City, State; Year) lb ae/A (days) ppm 

San Luis Obispo, 
CA2007 to Pinot 155 Fruit 4.98 6.76 0 0.588 
CAS31 

Ephrata, WA 
2006 II Riesling Fruit 4.97 6.64 0 0.587 
WA$02 

TABLEC.3. Residue Data from Rice Fieid Trials with Endothall Monoamine Salt (SC/L). 

East Bernard, TX Grain 1.22 
2007 6 Rice; Cocodrie 5.0 6.75 I 
TX$24 Straw 1.99 

Cheneyville, LA Rice; Grain 1.16 
2007 4 5.0 6.77 0 Clearfield 161 S<rnw 1.09 LA$25 

Newport, AR Grain 0.818l 
2007 4 Rice; We!ls 5.0 6.76 0 
ARS26 Straw 1.90 

Biggs, CA 2007 
10 Rice; M-205 

Grain 
5.0 6.76 0 

0.802 l 
CA$27 S<rnw 2.59 

TABLEC.3. Residue Data from Mint Field Trials with Endothall Monoamine Sait (SC/L). 

Ephrata, WA Mint (Todd's 
2006 II Mitchem) 
WA$09 

Elkhorn, WI 2007 
5 

Mint (Black 
WI$39 Mitchem) 

Residues below LLMV, but above LOD. 
Non Detect~ no residues seen 

Tops 5.0 6.64 

Tops 5.0 6.77 

No Reportable Residues~ no residues below the 0.05 ppm LLMV were reported 

0 2.89 

0 1.67 

0.449 

0.696 
. 

1.14 

2.24 

1.19 

0.94 

0.694 J 

1.86 

1.08 

2.61 

2.70 

1.31 

The rate is expressed both in terms of the concentration in the irrigation water (ppm and the total amount (lbs ae/A) 
applied. 
Expressed in acid equivalents. The LLMV is 0.05 ppm and the LOD is below 0.001 ppm . 

• The two results for each field trial represent two samples taken from a single plot, not two plots. 
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Attachment 2. Tolerance Spreadsheet Results for Crops with Four or More Field Trials
When the Spreadsheet Was Used to Calculate Tolerances (Please note that the spreadsheet 
was not used when less than four field trials were performed and in those cases where data from 
multiple crops were combined into a group tolerance.) 

l.OOOO ~ 

j 

l 

EU Methoa. I 

Normal 

95/99 Rule 

EU Method II 
Distribution-Free 

Mean+3SD 

UCLMedian95th 

Approximate 
Shapiro- Francia 
Normality Test 

Lognorrnsl Probsbili ty Plot 

+EPA l!:ndntball Grsg" l'orage 0 dayo 

• 

• 

• 

Regulator: EPA 
Chemical: Endothall 

Crop: Grass Forage 
PHI: 0 days 

App. Rate: 
Submitter: 

n' 6 
min: l. 84 
max: 2.73 

median: 2.22 
average: 2.21 

95th Percentile 99th Percentile 
3.0 3.0 

(3. 5) { 4. 0) 
3.0 3.5 

( 4. 0) (4 .5) 
#REF! 

3.5 

18 

0. 9672 

y • O.l>llx ~ a.16S2 

R'" O.%"ll 

.,_, 

99,9th Percentile 
3.5 
I-- I 
3.5 
I-- I 

p-value > 0.05 ' Do not reject lognormality assumption 
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u.oooo r 

o.oooo 

i 

l 

EU Method J: 
Normal 

95/99 Rule 

EU Method :r:r 
Distribution-Free 

Mean+JSD 

UCLMedian95th 

Approximate 
Shapiro- Francia 
Normality Test 

Summary of Analytical Chemistry and Residue Data 

Lognorma~ Probabi~~ty Plot 

• EPA !l:ndotha~l Grass lilly o days 

• 
• 

• • 
• 

Regulator: EPA 
Chemical: Endothall 

Crop: Grass Hay 
PHJ:: 0 days 

App. Rate: 
Submitter: 

n' 6 
min: 5.87 
max: 13.65 

median: 7.67 
average: 8.77 

95th Percentile 99th Percentile 
14 16 

(20) (25) 
15 18 

(30) (45) 
#REF! 

18 

60 

0.9420 

DP#: 356315 

y = O.Jfl5~ t 2.1257 

R' • D ~H 

99.9th Percentile 
19 

I-- l 
25 

I-- l 

p-value > 0.05 ' Do not reject lognormality assumption 
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'""! o.sooo 

0.2$00 

' 
0.12$0 

-~ 
o.oG>s 

! 0 .0)1) 

' , ""I ' ' 
0.00?; 

O.OOH 

EU Met.noct I 
Normal 

95/99 Rule 

EU Method II 
Distribution-Free 

Mean+JSD 

UCLMedian9Sth 

Approxirna te 
Shapiro- Francia 
Normality Test 

Summary of Analytical Chemistry and Residue Data DP#: 356315 

:t.ognorma.l Probability Plot 

• EPA J;;ndotb,.ll Corn Grain o day a 

• 

Regulator: EPA 
Chemical: Endothall 

Crop: Corn Grain 
PHI: 0 days 

App. Rate: 
Submi tte:r: 

n' 4 
min: 0.01 
max: 0.04 

median: 0.01 
average: 0.01 

95th Percentile 99th Percentile 
0.05 0.06 

(0.15) (0.15) 
0.05 0.10 
{1. 8) (13) 

#REF! 

0.07 

0.06 

0.6165 

y = o.nMx. <.??as 
n' • 0.6US 

.... 

99.9th Percentile 
0.07 
(--I 
0.25 
(--I 

p-value <= 0.01: Reject lognormality assumption 
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' 0000 l 
o.sooo t 
0."001 

o.ns~/ 

0.0~2SJ 
' ' 

O.O'llt 
' 

O.OlS61 
' 

Summary of Analytical Chemistry and Residue Data DP#: 356315 

y • 0.8Bll>< • ).6410 

R' ~ 0.~~2S 

0.007B L-------<------------------
0 .l l lO '0 BO '" ., 

Regulator: EPA 
Chemical: Endothall 

Crop: soybean 
PHI: 0 days 

App. Rate: 
Submitter: 

n: 4 
min: 0.01 
max: 0.07 

median: 0.03 
average: 0.03 

95th Percentile 99th Percentile 99.9th Percentile 
EU Method I Q.08 0.10 0.15 

Normal (0. 20) (0. 25) (-- J 

95/99 Rule 
0.10 0.20 0.30 
(1. 6) (7 .0) (-- J 

EU Method II #REF! 
Distribution-Free 

Mean+3SD 
0.15 

UCLMedian95th 
0.30 

Approximate 0.9925 
Shapiro- Francia p-value > 0.05 : Do not reject lognormality assumption 
Normality Test 

Template VeJ5iOn April2008 
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~.. Endothali/038901/Inlerregional Research Projecl No.4 
-'i!I•J DACO 6.4, 7.4, 7.8/0PPTS 860.1400/0ECD IliA 8.4.3 Md IliA 8.3 

Water, Fish, and Irrigated Crops- Tomato processing study 

Primary Evaluator 

Approved by 

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road, 
Building 100, Suite B, Durham, NC 27713; submitted 4/07/2009). The DER has been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 
STUDY REPORT: 

47520706. Arsenovic, M. (2008) Endothall (Hydrotholl91): Magnitude of the Residue on 
Vegetable Fruiting Group: Lab Project Nmnber: Z9766, Z9766.06-CA$28, Z9766.06-FL$27 
Unpublished study prepared by Interregional Research Project No.4. 180 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No.4 (IR~4) submitted a tomato processing study reflecting the 
exposure of tomatoes to endothall through the use of treated irrigation water. In a field trial 
conducted in FL (Zone 3) during 2006, a 2.0 lb ae/gal soluble concentrate (SC/L) formulation of 
endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae. [In 
order to avoid the complications of different molecular weights for different salts, endothall 
concentrations are expressed as the free acid equivalents (ae).] The treated water was then 
applied using overhead sprinklers to tomatoes as six broadcast foliar applications during fruit 
development at retreatment intervals (RTis) of 8 days. A volume equivalent to 1 acre inch of 
water ( ~27, 154 gaVA) was applied for each application. Based on the concentration of the 
endothall in the irrigation water and the actual amount of water applied, the application rate for 
endothall was equivalent to 1.13 lb ae/A/application, for a total of6.771b ae/A/season. 

Single bulk control and treated samples of tomatoes were harvested at normal crop maturity, 
immediately following the last irrigation (0 days after treatment, DA T). The tomatoes were 
processed into puree and paste using simulated commercial procedures. Samples of whole fruits, 
puree and paste were stored at S-1 0°C for up to 80 days prior to analysis. The sample storage 
intervals and conditions are supported by the available storage stability data. 

Residues of endothall (free acid) inion tomato fruit, puree and paste were determined using an 
adequate LC/MS/MS method (Method No. KP-242Rl). For this method, residues were 
extracted with water and then derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% 
H3P04. The derivatized residues were cleaned up by partitioning into methyl t-butyl ether 
(MTBE) and elution through an amine solid phase extraction (SPE) cartridge. Residues were 
then analyzed by LC/MSIMS using external standards for quantitation. Residues are expressed 
in endothall acid equivalents. The validated limit of quantitation (LOQ) for endothall inion 
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Water, Fish, and Irrigated Crops- Tomato processing study 

tomatoes and tomato processed fractions is 0.05 ppm, and the estimated limit of detection was 
0.002ppm 

Residues of endothall were reported to be <0.05 ppm in/on whole fruits and puree and 0.069 ppm 
in tomato paste. However, on page 81 it is reported that "The residues of endothall in treated 
samples ranged from <0.027 to 0.30 ppm. Endothall residues were found less than LOQ in all 
processed control tomato samples; and 0.021 ppm in whole fruit, 0.069 ppm in tomato paste and 
0.044 ppm in tomato puree." From these values, estimated processing factors of 2.1 and 3.3x are 
calculated here for the puree and paste, respectively. The report only formally estimated the 3.3 
factor for paste, but there seems little reason to believe that the 2. I factor is significantly less 
supportable than the 3.3 factor, and it provides a factor for the puree that is relatively 
conservative when compared to EPA's published theoretical factor. EPA's published theoretical 
processing factors for tomato puree and paste are 1.4 and 5.5x, respectively. 

STUDYIW AIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS: 

Although the raw data related to the analysis of residues in puree and paste fractions was not 
included in the study report, the tomato processing residue data are classified as scientifically 
acceptable under the conditions and parameters used in the study. The acceptability of this study 
for regulatory purposes is addressed in the forthcoming U.S. EPA Residue Chemistry Summary 
Document, DP# 3563!5. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUND INFORMATION 

Endothall (7·oxabicyclo[2,2, 1] heptane·2,3·dicarboxylic acid] is a selective contact herbicide, 
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class. 
The free acid ofendothall (PC Code 03890!) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding 
period. They are also registered for desiccation! defoliation of alfalfa/clover (grown for seed 
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops. 
Permanent tolerances are established for the combined residues of endothall and its monomethyl 
ester at 0.1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm inion rice 
grain and straw [40 CFR §180.293(a)(I)]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419), 
IR-4 has submitted a tomato processing study reflecting irrigation of tomatoes with endothall· 
treated water. The chemical structure and nomenclature of endothall and its monoalkylarnine 
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Water, Fish, and Irrigated Crops- Tomato processing study 

salt are listed in Table A.1. The physicochemical properties of technical grade endothall and its 
monoalkylamine salt are listed in Table A.2. 

TABLE A. I. Nomenclature ofEndothall and its Monoalkylamine Salt. 
Chemical Structure 0 

c OH 

OH 

0 

Common name Endolhall 
Molecular Formula CaH1oOs 
Molecular Weight 186.16 
IUPAC name 7-oxabicyclo 2.2.1 he tane-2,3-dicarbox lie acid 

CAS name 7-oxabicyclo 2.2.1 he tane-2,3-dicarbox lie acid 
CAS# 145-73-3 
PC Code 038901 
Current Food/Feed Site Regislration Cotton, ho s, otato, alfalfa rown for seed 
Chemical Struclure 0 

( 
- H,C 

0 \ . 
OH 1

N-CH
2
(n)CH

3 

H,C 

0 (n~7-17) 

Common name Endolhatl, mono-N,N-dimethylalkyl amine salt 
Molecular Formula Not available 
Molecular Wei t Avera e: 422 
IUPAC name 7-oxabicycloJ2.2.1Jheplane-2,3-dicarboxyllc acid, compound with N,N-

dimethylcocoamine 
CAS name No! available 
CAS# 66330-88-9 
PC Code 038905 
Current Food/Feed Site Re islralion Conon, ho s, otato, alfalfa rown for seed, a muic uses 

TABLE A.2. Physicochemical Properties of Endothall and Its Monoalkylamine Salt. 

Parameter Value Reference 

Endothall acid 
Melting point 108-llO't 0187593, Dl87590, and Dl87588, 

5/5/93, K. Dockter 
pH 2. 7 al 25 't (I% solulion) 0187593, Dl87590, and Dl87588, 

515193, K. Dockter 
Density, bulk density, or specific 0.481 g/cm3 (bulk) at 25't Dl87593, 0187590, and Dl87588, 

I gravil 5/5/93, K: Dockler 
Water solubility al 25't 109.8 giL D166798, 712192, K. Oockler 

13.1 g/IOOmLinwaler,pH5 D2070 II, 9/30/94, F. Toghrol 
12.7 gflOO mL in water, pH 7 
12.5 g,wo mL in waler, PH 9 

Solvenl solubility at 25 't 3.4 gf!OO mL in acelonitrile 0207011,9130/94, F. Toghrol 
2.4 gfiOO mL in n-oclanol 
!6.0"' ~100 mL in tctrahvdrofuran 

DP# 356315/MRID No. 47520706 Page 3 of8 

62 kl 



Endothaii/03890I/Interregional Research Project No.4 
DACO 6.4, 7.4, 7.8/0PPTS 860.I400/0ECD IliA 8.4.3 and lilA 8.3 
Water, Fish, and Irrigated Crops~ Tomato processing study 

B. EXPERIMENTAL DESIGN 

B.l. Application and Crop Information 

In a field trial conducted in FL (Zone 3) during 2006, tomatoes were irrigated with endothall
treated water using overhead sprinklers (Table B.I.l). The irrigation water was treated with 
endothall (2.0 lb ae/gal SC/L monoalkylamine salt) at a concentration of ~5 ppm, acid 
equivalent. The tomatoes were irrigated six times during flowering and fruit development at 
RTis of 8 days. A volume equivalent to ~1 acre inch of water (27,154 gal/A) was applied for 
each irrigation. Based on the concentration of the endothall and the actual amount of water 
applied, application rate for endothall was equivalent to 1.13lb ae/A/application, for a total of 
6.77\b ae/A/season. 
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TABLE B.l.l. Study Use Pattern. 

Location End-Use 
Application Information 

(City, State; Year) Product Method; Timing Concen. 1 Volume Single Rate R"fl4 Total Rate 
TriallD (gallA) 2 (lb ae!A) 1 (days) (lb ae/A) 1 

Oviedo, FL 2006 Six broadcast foliar 
FL$27 2.0 lb/gal application during flowering 

5.0 
27,160-

1.13 8 6.77 SC/L and fruit development using 27,165 
overhead sprinklers. 

The concentrate of endothall (m actd eqUivalents) m the HrtgatJOn water. No adJuvants were mcluded m the JrrJgatJOn water. 
2 The target irrigation rate was 1 acre inch of water or 27,154 gallA. 
3 The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae), the application 

volume and plot size. 
RTI ""Retreatment Interval. 

B.2. Sample Handling and Processing Procedures 

Single bulk control and treated samples of mature tomatoes (85-95lb/sample) were harvested at 
0 DAT and shipped the same day under ambient conditions by overnight courier to the 
processing facility, GLP Technologies (Navasota, TX). The samples were held in cool storage 4 
± 3 °C for 6 days until processing. 

The tomato samples were processed according to simulated commercial procedures into puree 
and paste (Figure B.l). A subsample of whole fruits was collected prior to processing, and the 
bulk whole fruit samples were then cleaned and rinsed in hot water. The fruit was next chopped 
to a fine consistency, heated to 91-97°C, and passed through a pulper/finisher to yield pulp and 
juice fractions. The juice was adjusted to an acidity of pH :s4.6 if necessary and then 
concentrated under heat and vacuum to 8-24% solids for puree and 24-30% solids for paste. 
Samples of puree and paste were collected and stored at :::.S-1 0°C. Processing was completed 
within lldays of harvest. 

Within 3 days of processing, the subsamples for whole fruits and each processed fraction were 
shipped frozen (on dry ice) by overnight courier to the analytical laboratory, Cerexagri, Inc., 
(King of Prussia, Pennsylvania). At the analytical laboratory, the samples were stored frozen 
(:::.S-l8°C) prior to analysis. 
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FIGURE B.l. Processing Flowchart for Tomato. 

Sample # 2 ITREATED} Code # F (Treatment 02) 

TOMATOES 76.0 lbs. 

UNFIT TOMATOES 
_ldlbs. 

CLEANED TOMATOES 
_6;!J_Ibs. 

TRIM WASTE 
4.3 lbs. 

i 

TOMATO JUICE 
~il...lbs. 

PULP 
14.2 lbs. 

,---------....1----·----. 
e~~~~~~~n 

I I 
Tomato Juice 2698.2 g 

I 
Tomato Juice .§lli!!Lg 

I 
b\ipora\JIIn Ev~por.11~u~ 

I I 
Torn•~<> Puree~ 

I 
Tomato Paste ..a2.8_g 

I ,., 
I 

Tomato Puree QQ7.7 g 
"""'"' I 

Tomato Paste ..I$t!} 

B.3. Analytical Methodology 

Residues of endothall (free acid) tn/on tomato fruit, puree and paste were determined using a 
LC/MS/MS method (Method No. KP-242RI) entitled "Analytical Method for Determination of 
Endothall in Crops", issued 5/4/2007. 

For this method, residues were extracted twice by homogenization with water followed by 
centrifugation and filtertng. Residues were then derivatized with HFTH in 50% H3P04 at 100-
1200C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE, 
evaporated to dryness, and reconstituted in hexane:MTBE (I: 1 v:v). Residues were then cleaned 
using an amine SPE cartridge eluted with methanol:MTBE (1 :4). Residues were analyzed by 
LC/MSIMS using external standards. The rn!z 397----t 166 ion transition was used for quantifying 
residues. Residues are expressed in endothall acid equivalents. The validated LOQ for endothall 
inion tomato fruits, puree and paste is 0.05 ppm, and the LOD was estimated to be 0.002 ppm. 

Control samples of tomatoes were fortified with endothall at 0.05-5.0 ppm for method validation. 
For concurrent recoveries, control samples were fortified with endothall at 0.05 and 0.5 ppm for 
whole fruits and at 0.05 and 2.0 ppm for paste. 
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C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for determining residues of endothall inion tomato fruit, puree, and 
paste was adequately validated prior to and in conjunction with the analysis of processing study 
samples. Method validation recoveries averaged 89% with a standard deviation of 7% for whole 
tomatoes (Table C.l ). Concurrent recoveries averaged I 0 I and 86% for whole tomatoes and 
tomato paste, respectively. Apparent residues of endothall were <LOQ inion all control samples. 
Adequate sample calculations and example chromatograms were provided and the fortification 
levels used for method recoveries were similar in magnitude to the measured residue levels. 

Samples of tomato fruits, puree and paste were stored frozen at ::::-5°C for up to 80 days prior to 
analysis (Table C.2). Adequate storage stability data are available indicating that endothall is 
stable under frozen storage conditions for up to 467 days in whole tomatoes ( 47520719.der, 
under review). These stability data will support the storage durations and conditions for the 
tomato processing study. 

Following six overhead sprinkler applications of endothall (monoalkylamine salt) to tomatoes at 
rates totaling 6.77lb ae!A. residues inion whole fruits were 0.021 ppm at 0 DAT (Table C.3). 
Residues in processed tomato puree and paste were <0.05 ppm and 0.069 ppm, respectively. 
Although the report listed residues in whole fruit and puree as being <0.05 ppm, the raw data 
contained information showing that residues were detectable inion whole fruits; however, the 
raw data for the puree fraction was not included in the report. The processing factor was 3.3x for 
paste; however, the processing factor for puree could not be calculated. The theoretical 
processing factors for tomato juice, puree and paste are lAx, lAx and 5.5x, respectively. 

TABLE C. I. Summary of Method Validation and Concurrent Recoveries of Endothall from Tomato 
Fruits and Paste. 

Matrix Spike Level Sample Size Recoveries Mean± Std. Dev. 1 

(ppm) (") (%) (%) 

Method Validation 

0.05 3 82,79,84 82±3 

Tomato fruit 
0.5 3 100, 92,97 96±4 
5.0 3 86, 93, 92 90±4 

Total 9 79-100 89± 7 
Concurrent Recoveries 

Tomato fruit 
0.05 I 104 

101 
0.5 I 98 

Tomato paste 
0.05 0.05 92 

86 
1.0 2.0 80 

> " Standard dev~auons are calculated for data sets havtng _3 a!ues. 
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TABLEC.2. Summary of Storage Conditions. 

Matrix Storage Temperature Actual Storage Duration 
CCJ (days)1 

Whole tomatoes ,_, 77-80 

Puree and paste 80 

Interval of Demonstrated 
Storage Stability (days/ 

467 

' Interval from harvest to extractwn for analysiS. Samples were extracted up to I day pnor to analysis. 
2 Endothall is stable under frozen storage conditions for up to 467 days in tomatoes (47520719.der under review). 

TABLE C.3. Residue Data from Tomato Processing Study with Endothall Monoalkylamine Salt (SC/L). 

RAC Processed Commodity Total Rate 1 PHI Residues Processing 

ppm lb ae/A (days) (ppm)~ Factor 

Tomato Whole fruit (RAC) 0.021 ) .. 
Puree 5.0 6.64 0 0.044 4 2. tx4 

Paste 0.069 3.3x 
The rate IS expressed both m terms of the concentratiOn m the 1mgatwn water (ppm) and the total amount (lb aeJA) applied. 

~ Expressed in acid equivalents. The LOQ is 0.05 ppm and the estimated LOD is 0.002 ppm. 
3 Although reported as <LOQ, detectable endothall residues (2:LOD) were reponed in the raw data (page 64). 
4 Raw residue data were not fonnally reponed for the puree sample; however, on page 81 residue values below the LLMV, but 

above the LOD are provided as 0.02 tin raw fruit, 0.044 ppm in puree, 0.069 in paste. The values of0.021 and 0.069 are 
fonnally considered acceptable. There seems little reason to reject the 0.044 ppm value when it provides a processing factor 
that is somewhat conservative relative to the theoretical fu.ctor, and makes reasonable sense given the mass balance estimates. 

D. CONCLUSION 

The tomato processing study is adequate. Endothall residues appear roughly to concentrate by 
2.1x in tomato puree, and by 3.3x in tomato paste, however both factors are based upon values 
that are all below the LLMV of the method. 
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Approved by 

Date: 5 June 2009 

This DER was originally prepared under contract by Dynamac Corporation (191 0 Sedwick Road, 
Building l 00, Suite B, Durham, NC 27713; submitted 3/27/2009). The DER has been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

47520708. Arsenovic, M. (2008) Endothall (Hydrotholl9l): Magnitude of the Residue on Fruit, 
Citrus Group: Lab Project Number: 29759, 29759.07-CER08 Unpublished study prepared by 
Interregional Research Project No.4. 230 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No.4 (IR-4) submitted field trial data reflecting the exposure of 
oranges to endothall through the use of treated irrigation water, In two orange field trials 
conducted during 2006 in Zones 3 and I 0, a 2.0 lb ae/gal soluble concentrate (SC/L) formulation 
of endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae. 
[In order to avoid the complications of different molecular weights for different salts, endothall 
concentrations are expressed as the free acid equivalents (ae).] The treated water was applied to 
the orange trees during fruit development as six broadcast foliar applications using overhead 
sprinklers, at retreatment intervals (RTis) of 5-8 days. A volume equivalent to -1 acre inch of 
water (27, 154 gal/A) was applied for each application. Based on the concentration of the 
endothall and the amount of water applied, the application rates for endothall were equivalent to 
1.10-1.13 lb ae/A/application, for a total of 6.63-6.78 lb ae/A/season. 

Single control and duplicate treated samples of oranges were harvested from each test on the day 
of the final application (0 days after treatment, DAT), and samples were stored at :S-l8°C for up 
to 107 days prior to analysis. Adequate storage stability data are available to support the 
duration and conditions of sample storage. 

Residues of endothall (free acid) inion oranges were determined using an adequate LCIMS/MS 
method (Method No. KP-242Rl). For this method, residues were extracted with water and then 
derivatized with heptafluoro.._p-tolylhydrazine (HFTH) in 50% H3P04. The derivatized residues 
were cleaned up by partitioning into methyl t-butyl ether (MTBE) and elution through an amine 
solid phase extraction (SPE) cartridge. Residues were then analyzed by LC/MS/MS using 
external standards for quantitation. Residues are expressed in endothall acid equivalents. The 
validated limit of quantitation (LOQ) for endothall inion oranges is 0.05 ppm, and the estimated 
limit of detection was 0.0025 ppm. 
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Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm 
(6.63 8 6. 78 lb ae/A/season), endothall residues were <LOQ in/on four orange samples at 0 DAT. 
However, detectable residues were found on all four samples at 0.021-0.028 ppm. The average 
and highest average field trial (HAFT) residues were <0.05 ppm in/on oranges. 

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS: 

Under the conditions and parameters used in the study, the orange field trial residue data are 
scientifically acceptable. Although limited field trials were performed, these applications are 
expected to be conservative relative to actual inadvertent applications. The acceptability of this 
study for regulatory purposes is addressed in the forthcoming U.S. EPA Residue Chemistry 
Summary Document (DP# 356315]. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUND INFORMATION 

Endothall (7-oxabicyclo(2,2, 1 J heptane-2,3-dicarboxylic acid] is a selective contact herbicide, 
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class. 
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding 
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed 
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops. 
Permanent tolerances are established for the combined residues of endothall and its monomethyl 
ester at 0.1 ppm inion cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm in/on rice 
grain and straw (40 CFR §180.293(a)(l)]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8£7419), 
IR8 4 has submitted field trial data reflecting irrigation of oranges with endothall-treated water. 
The chemical structure and nomenclature ofendothall and its monoalkylamine salt are listed in 
Table A.l. The physicochemical properties of technical grade endothall and its monoalkylamine 
salt are listed in Table A.2. 
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Table A.2. Physicochemical Properties of Endothall and Its Monoalkvlamine Salt. 
Parameter Value l Reference 
Endothall (acid 
Melting point 108-llOt Dl87593, Dl87590, arid Dl87588, 

515193, K. Dockter 
pH 2.7 at25t (I% solution) 0187593, Dl87590, and D187588, 

515!93, K. Dockter 
Density, bulk density, or specific 0.481 g/cmJ (bulk) at 25t Dl87593, DI87590, and Dl87588, 
wavily 5!5193, K. Dockter 
Water solubility at 25t 109.8 giL Dl66798, 712/92, K. Dockter 

13.1 g/100 mL in water, pH 5 D207011, 9/30/94, F. Toghrol 
12.~ ~~00 mL in water, pH 7 
12.5 100 mL in water, PH 9 

Solvent solubility at25't 3.4 g/100 mL in acetonitrile D207011, 9/30/94, F. Toghrol 
2.4 g/100 mL in n-octanol 
16.0-g/100 mL in tetrahydrofuran 

Vapor pressure 3.92 x 10· mm Hg at 24.3t Dl66798, 7!2/92, K. Dockter 

i 
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Table A.2. Physicochemical Properties ofEndotball and Its Monoalkylamine Salt. 
Parameter Value Reference 
Dissociation constant, pK. 4.32 for Step I and 6.22 for Step 2 at 20't (0.2% Dl88708, 5/3/93, K. Dockter 

solution in 20% basic ethanol); dissociation rate 
1.8-2.3 x 10> ).!mho within 3-5 minutes at 025't, 
by conductivity meter 

Octanollwater partition coefficient Not applicable to endothall acid 0166798, 7/2192, K. Dockter 
UV/visible ab~ofRtion spectrum N01 available 

Endothall, mono.N N·dimetbvlalkvl amine salt 
Boilin oint N01 available 
pH 5.2 at 25 't (1% solution) Dl87593, D187590, and 0187588, 

5/5/93, K. Dockter 
Density, bulk density, or specific 1.028 glmL at 25't Dl87593, Dl87590, and Dl87588, 
ravitv 5!5193, K. Dockter 

Water solubility at 25't ?:49.2 g!100mL in water, pH 5 D210814, 8/9/95, S. Knimer 
?:.51.6 g/100 mL in water, pH 7 
>49.8 itioo mL in water, pf:! 9 

Solvent solubility at25't ?:.102.5 g!IOOmL in acetonitrile 0210814, 8/9/95, S. Knimer 
?:.95.4 g/100 mL in n·octanol 
>I 04.3-g/100 mL in tetrahydrofuran 

Vapor pressure 2.09 x 10"5 mm Hg at 25't (calculated; mixed 
mono- and dial_kylamine_(C8-C20)) 

D206344, 9/22/94, F. Toghrol 

Dissociation constant, pK. 4.24 for Step I and 6.07 for Step 2 at 20't for 0198885,417/94, F. Toghrol 
mixed mono· and dialkylaminc (C8-C20) in 
acidified ethanol/water; dissociation complete 
0 17 minutes (1.7 x 101 J.lmho) at 25't 

Octanollwater partition coefficient Kow 2.097 at concentrations of 8.9 x 10"' M and 
8.9 x 10"4 M, at 25't 

0209995, 1120195. L. Edwards 

UV/visible absorption spectrum Not available 

B. EXPERIMENTAL DESIGN 

B.l. Study Site Information 

Two orange field trials were conducted in Zones 3 and 10 during 2006 (Table B.Ll). The 
irrigation water used in each test was treated with endOthall (2.0 lb ae/gal SC monoalkylamine 
salt) at a concentration of -5 ppm, acid equivalent. The treated water was applied to the orange 
trees during fruit development as six broadcast foliar applications using overhead sprinklers, at 
RTis of 5·8 days. A volume equivalent to -l acre inch of water (-27,154 gal/A) was applied for 
each application. Based on the concentration of the endothall and the amount of water applied, 
application rates for endothall were equivalent to 1.10-1.13 lb ae/A/application, for a total of 
6.63-6.78lb ae/A/season (Table B.1.3). These applications are expected to be conseiVative 
relative to actual applications. 
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TABLE 8.1.1. Trial Site Conditions. 

Trialldcntificalion (City, State; Year) 
Soil characteristics! 

Type %OM pH CEC (meqfl OOg) 

Dinuba, CA 2006 Sandy Loam 1.4 5.1 118 CA$11 

Oviedo, FL 2006 Sand 1.1 5.3 2.8 
FL$10 

These parameters are optiOnal except m cases where the1r value affects the use pattern for the chem1cal. 

TABLE 8.1.2. Water Characterization. 

Study site 
Water characteristics 

Typo Hardness/Salinity pH Turbidity Dissolved OM 

Dinuba, CA 2006 Well NR NR NR NR CA$11 

Oviedo, FL 2006 Artesian Well NR NR NR NR FL$10 
NR Not reported. 

The actual temperature recordings and rainfall were typical for each site and no unusual weather 
conditions were reported. No additional irrigation was reported during the study period. The 
tests were conducted according to normal agricultural practices for the regions, and information 
was provided on maintenance pesticides and fertilizers used at each site. No information was 
provided on the characteristics ofthe water used for irrigation, other than the source (Table 
B.l.2). 

TABLE 8.1.3. Study U:se Pattern. 

Location End.Use 
Application Information 

(City, State; Year) 
Product Method; Timing Concen. ' Volume Single Rate RTI ~ Total Rate 

Trial ID (gal/A) 2 (lb ae/A) 3 (days) (lb ae!A) 3 

Dinuba, CA 2006 Six broadcast foliar 
CA$11 2.0 lb/gal application during fruit 

5.0 27,150 1.13 7-8 6.78 sc development using overhead 
sprinklers. 

Oviedo, FL 2006 Six broadcast foliar 
FL$10 2.0 lb/gal application during fruit 

5.0 
26,701· 

1.10 5-6 6.63 sc development using overhead 26,721 
sprinklers. 

, The concenlrat!On of cndothall (m ac1d equl\alents) m the 1mgauon water. No adJuvants were mcluded m the 1rngahon water. 
2 The target irrigation rate was 1 acre inch of water or 27,154 gal/A. 

The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae), the application 
volume and plot size. 

4 RTI"" Retrcatment Interval. 
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TABLE B.l.4. Trial Numbers and Geographical Locations. 

NAFTA Orange 
Growing Submitted Requested1 

Zones 2 

Canada 

I - --
2 -- --
3 I --
4 -- --
5 -- --
6 -- --
7 -- --
8 -- --
9 -- --
10 I --
II -- --
12 -- --
13 -- --
Total 2 --
Based on EPA OPPTS Gutdelme 860.1500. 

2 Zones !A, 5 A and B, 7A and 14-21 were not included as the proposed use is for !he U.S. only. 

B.2. Sample Handling and Preparation 

u.s. 

--
--
8 

--
--
I 

--
--
--
3 

--
--
--
12 

Duplicate control and treated samples (2::8.5 lb sample, 24 fruits) of oranges were harvested at 0 
DAT (after the sixth application) and placed in frozen storage at the test facility within 6 hours. 
Samples were stored frozen at the field sites for 0-34 days prior to shipment by ACDS Freezer 
truck to the analytical laboratory, Cerexagri, Inc. (King of Prussia, PA), where the samples were 
stored at ~-l8°C until analysis. 

B.3. Analytical Methodology 

Residues of endothall (free acid) inion oranges were determined using a LC/MS/MS method 
(Method No. KP-242Rl) entitled "Analytical Method for Determination ofEndothall in Crops", 
issued 5/4/2007. 

For this method, residues were extracted twice by homogenization with water followed by 
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3P04 at 100-
1200C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE, 
evaporated to dryness, and reconstituted in hexane:MTBE (1: 1 v:v). Residues were then cleaned 
using an amine SPE cartridge eluted with methanol:MTBE (1 :4). Residues were analyzed by 
LC/MS/MS using external standards. The rn!z 397--).166 ion transition was used for quantifying 
residues. Residues are expressed in endothall acid equivalents. The validated LOQ for endothall 
in/on oranges is 0.05 ppm, and the LOD was estimated to be 0.0025 ppm. 

The above method was validated prior to and in conjunction with the analysis of the field trial 
samples. Control samples of oranges were fortified with endothall at 0.05-5.0 ppm for method 
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validation, and control samples were fortified with endothall at 0.05-1.0 ppm for concurrent 
recoveries. 

C. RESULTS AND DISCUSSION 

The LCIMS/MS method used for determining residues of endothall in/on oranges was adequately 
validated prior to and in conjunction with the analysis of field trial samples. Method validation 
recovery averaged 75% with a standard deviation of 4%, and concurrent recoveries averaged 
73% with a standard deviation of2% (Table C.l ). Apparent residues of endothall were <LOD 
inion all control samples. Adequate sample calculations and example chromatograms were 
provided and the fortification levels used for method recoveries were similar in magnitude to the 
measured residue levels. 

Orange samples were stored frozen at S-l8°C for up to 107 days prior to analysis. Adequate 
storage stability data are available indicating that endothall is stable in frozen tomatoes for up to 
467 days (4 7520719.der, under review). These data will support the storage durations and 
conditions for the current field trials. 

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm 
(6.63~6.78lb ae/A/season), endothall residues at 0 DAT were <LOQ inion four orange samples; 
however, detectable residues were found on all four samples at 0.021-0.028 ppm (Table C.3). 
The average and HAFT residues were 0.05 ppm in/on oranges (Table C.4). 

No phytotoxicity was reported on the treated trees. Common cultural practices were used to 
maintain plants, and the weather conditions and maintenance chemicals and fertilizer used in this 
study did not have a notable impact on the residue data. 

TABLE C.J. Summary of Method Validation and Concurrent Recoveries ofEndothall from Oranges, 

Matrix Spike Level Sample Size Recoveries Mean± Sid. Dev. 
(ppm) (n) (%) (%) 

Method Validation 

0.05 3 76, 72, 74 74±2 

0.5 3 72, 72, 73 72± I 
Fruit 5.0 3 76, 73, 85 78 ± 6 

Total 9 72-85 75±4 

Concurrent Recoveries 

0.05 2 76, 71 74 
0.5 I 74 74 

Fruil 1.0 I 72 72 

Total 4 71-76 73 ±2 
> Standard dev1at1ons are calculated for data sets hav1ng _3 values. 
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TABLE C.2. Summary of Storage Conditions. 

Matrix Storage Temperature Actual Storage Duration 
("C) (days) 1 

Orange fruit <-t8 105-107 
Interval from harvest to extraction for analysiS. Extracts were stored up to 2 days pnor to analys1s. 
Endotha/1 is stable in frozen tomatoes for up to 467 days (47520719.der under review). 

Interval of Demonstrated 
Storage Stability (days) 2 

467 

TABLE C.3. Residue Data from Orange Field Trials with Endothall Monoalkylamine Salt (SC/L). 

Trial ID 
Zone Variety Matrix 

Total Rate 1 PHI Residues (ppm) 2
• l 

(City, State; Year) ppm lb ae/A (days) 

Dinuba, CA 2006 Rush 
CA$11 IO Thompson Fruit 5.0 6.78 0 (0.024) (0.028) 

Improved 

Oviedo, FL 2006 
3 Hamlin Fruit 5.0 6.63 0 (0.022) (0.021) 

FL$IO 

' The rate IS expressed both m tenns of the concentration m the lfrlgahon water (ppm) and the total amount (lb ae!A) apphed. 
2 Expressed in acid equivalents. The LOQ is 0.05 ppm and the LOD was estimated to be 0.0025 ppm. Values <LOQ but~LOD 

are listed in parentheses. 
1

· The two results for each field trial represent two samples taken from a single plot, not two plots. 

TABLE C.4. Summary of Residue Data from Orange Field Trials with EndothalJ Monoalkylamine Salt 
(SC/L). 

Total Applic. PHI 
Residue Levels (ppm) 2 

Commodity 
Rate 1 (days) N Min. Max:. HAFT' Median Me'" Std. Dev. (STMdR) (STMR) 

Orange 
5ppm 0 2 0.0215 0.026 0.026 0.024 0.024 0.0032 (6.63-6.78) 

The value m parentheses IS the total apphcatlon rate m terms oflb ae/A 
2 Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm. For all values reported SLOQ, the LOQ !Vas used for 

all calculations. 
3 HAFT"' Highest Average Field Trial. 

D. CONCLUSION 

The available field trial data are adequate and support the use of endothall-treated water for 
irrigation of citrus trees. The data support the use of endothall in irrigation water at a 
concentration of5 ppm (ae), with no more that six applications per season and a minimum 7-day 
interval between applications to the water. Residues in oranges are determined at a O~day PHI. 

DP# 356315/MRlD No. 47520708 Page 8 of9 

7&1 



~.,;,J Endothall/038901/Interregional Research Project No.4 
• ':ill~ll DACO 6.4. 7.4. 7.8/0PPTS 860.1400/0ECD IliA 8.4.3 and III A 8.3 

Water, Fish, and Irrigated Crops- Irrigated Oranges 

E. REFERENCES 

None 

F. DOCUMENT TRACKING 

gDI: David Soderberg (5 June 2009); William Donovan (5 June 2009) 
Petition Number: 8E7419 
DP#: 356315 
PC Codes: 03890! and 038905 

Templme Version June 2005 

DP# 356315/MRID No. 47520708 Page 9 of9 

t€2-



EndothaiV038901/Interregional Research Project No.4 
DACO 6.4, 7.4, 7.8/0PPTS 860.1400/0ECD IliA 8.4.3 and IliA 8.3 
Water, Fish, and Irrigated. Crops w Irrigate~-~oors and Tuber V ~,~""'b"J'""'-------

,: 
Primary Evaluator Date: 5 June 2009 

Approved by 

David Soderberg, Chemist, RABV ED 

---J/;J~L' ~!«·""'-.,"{!L·'-J!D~~~~=;:;~,--- Date: 5 June 2009 
William Donovan, Senior Scientist, 
HED A 

This DER was originally prepared under contract by Dynamac Corporation ( 191 0 Sedwick Road, 
Building 100, Suite B, Durham, NC 27713; submitted 3/25/2009). The DER has been reviewed by the 
Health Effects Division (HED) and revised as necessary for clarity, correctness or to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

4752070!. Arsenovic, M. (2008) Endothall (Hydrothol!91 and Aquathol K): Magnitude of the 
Residue on Vegetable, Root and Tuber Group: Lab Project Number: 29762. Unpublished study 
prepared by Interregional Research Project No.4. 389 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No.4 (IRw4) submitted field trial data reflecting the exposure of 
representative root and tuber vegetables to endothall through the use of treated irrigation water. 
Two field trials each were conducted on sugar beets, carrots, and potatoes in Zones 5, 10 and ll 
during 2006-2007. In each test, a 2.0 lb ae/gal soluble concentrate (SCIL) formulation of 
endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae. [In 
order to avoid the complications of different molecular weights for the different salts, endothall 
concentrations are expressed as the free acid equivalents (ae).J In addition, in the two sugar beet 
field trials, sidewby-side test were also conducted using the dipotassium salt of endothall applied 
to the irrigation water at a concentration of 3.5 ppm ae. The treated water was applied during 
vegetative development as six broadcast foliar applications using overhead sprinklers, at 
retreatment intervals (RTis) of6-8 days. A volume equivalent to -1 acre inch ofwater(27,154 
gaVA) was applied for each application. Based on the concentration of the endothall and the 
amount of water applied, the application rates for the monoalkylamine salt of endothall were 
equivalent to 1.13-1.14 lb ae/ Napplication, for a total of 6. 77-6.83 lb ae!A/season (Table B.l.3). 
The application rates for the dipotassium salt were equivalent to 0.80w0.8l Ib ae/A/application, 
for a total of 4.80-4.88lb ae/Nseason. 

Single control and duplicate treated samples of sugar beet roots and tops, carrot roots and potatu 
tubers were harvested from the respective tests on the day of the final application (0 days after 
treatment, DAT). Carrot, potato, and sugar beet samples were stored at <-l8°C for up to 272,58, 
and 64 days, respectively, prior to analysis. These sample storage intervals are supported by the 
available storage stability data. 

Residues of endothall (free acid) were determined using an adequate LC/MS/MS method 
(Method No. KP-242Rl). For this method, residues were extracted with water and then 
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derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H3P04• The derivatized residues 
were cleaned up by partitioning into methyl t-butyl ether (MTBE) and elution through an amine 
solid phase extraction (SPE) cartridge. Residues were then analyzed by LC/MS/MS using 
external standards for quantitation. Residues are also expressed in endothall acid equivalents. 
The validated limit of quantitation (LOQ) for endothall in/on onions is 0.05 ppm, expressed in 
acid equivalents. 

Following six overhead sprinkler applications with irrigation water containing the 
monoalkylamine salt of endothall at 5 ppm ae (6.77-6.83 lb ae/Nseason), endothall residues at 0 
DAT were 1.11-1.62 ppm inion 4 samples of sugar beet tops, 0.136-0.591 ppm inion 4 samples 
of sugar beet roots, 0.062-0.088 ppm in/on 4 samples of carrot roots, and 0.067-0.103 ppm inion 
4 samples of potato tubers. Average endothall residues were 1.34 ppm for sugar beet tops, 0.330 
ppm for sugar beet roots, 0.078 ppm for carrot roots, and 0.080 ppm for potato tubers. The 
highest average field trial (HAFT) residues were 1.37 ppm for sugar beet tops, 0.493 ppm for 
sugar beet roots and 0.088 ppm for both carrot roots and potato tubers. No residue decline data 
were provided. 

Following six overhead sprinkler applications with irrigation water containing the dipotassium 
salt ofendothal! at 3.5 ppm ae (4.80-4.88 lb ae/A/season), endothall residues at 0 DATwere 
0.523-1.28 ppm inion 4 samples of sugar beet tops and 0.115-0.345 ppm inion 4 samples of 
sugar beet roots. Average endothall residues were 0.821 ppm in/on sugar beet tops and 0.224 
ppm inion sugar beet roots, and HAFT residues in/on sugar beet tops and roots were 1.11 and 
0.331 ppm, respectively. 

Although average endothall residues inion sugar beet tops and roots were clearly lower (0.6-
0. 7x) for the dipotassium salt formulation than for the mono alkylamine salt formulation, direct 
comparison of the two formulations is not possible because the two formulations were applied at 
different rates. The mono alkylamine salt was applied at 5 ppm ae, whereas the dipotassium salt 
was applied at 5.0 ppm, as the salt, which is 3.5 ppm ae, that is, the dipotassium salt is applied at 
0.7x the rate of the monoalkylamine salt. [Note that these two different application rates are 
each entirely consistent with different label directions for the two salts. The two labels specify 
recipes that lead to application of the dipotasium salt at 5 ppm as the salt, and application of the 
alkylamine salt as 5 ppm as the free acid.] 

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS: 

Under the conditions and parameters used in the study, the field trial residue data for the 
mOnoalkylamine salt of endothall are scientifically acceptable. However, as explained above, 
the field trial data for the dipotassium salt were not appropriate for direct comparison with the 
monoalkylamine salt because the dipotassium was applied at 0.7x the rate of the 
monoalkylamine salt. Although only very limited field trials, with a single plot each, were 
performed for each crop, the trials were performed to be conservative relative to actual likely 
inadvertent treatments of these crops with endothall. The acceptability of this study for 
regulatory putposes is addressed in the forthcoming U.S. EPA Residue Chemistry Summary 
Document, DP# 356315. 
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COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUND INFORMATION 

Endothall [7-oxabicyclo[2,2,l] heptane-2,3-dicarboxylic acid] is a selective contact herbicide, 
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class. 
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding 
period. They are also registered for desiccation! defoliation of alfalfa/clover (grown for seed 
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops. 
Permanent tolerances are established for the combined residues of endothall and its monomethyl 
ester at 0.1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm in/on rice 
grain and straw (40 CFR §!80.293(a)(I)]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419), 
IR-4 has submitted field trial data reflecting irrigation of representative root and tuber vegetables 
with endothall-treated water. The chemical structure and nomenclature of endothall and its salts 
are listed in Table AI. The physicochemical properties of technical grade endothall and its salts 
are listed in Table A.2. 

Table A.l. StructuTe and NomenclatuTe of Endolhall and its Salts. 
Chemical Structure 0 

( OH 

OH 

0 
Common name Endothall 
Molecular Formula C8}j:_t00 
Molecular Wei ht 186.16 
IUPACname 7-oxabicyclo 2.2.1 ]heptane-2,3-dicarboxylic acid 
CAS name 7-oxabic clo 2.2.1 he tane-2,3-dicarboxylic acid 
CAS# 145-73-3 
PC Code 038901 
Current Food/Feed Site Registration Cotton, hQps,_potalo, alfalfagrown for seed 
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Table A.l. Structure and Nomenclature of Endotha!l and its Salts. 
Chemical Slructure 0 

- ' 0 K 
0 - ' 0 K 

0 
Common name Endothall, di otassium salt 
Molecular Formula CJfsKzO 
Molecular Weight 262.33 
1UPAC name Not available 
CAS name Not available 
CAS# 2164-07-0 
PC Code 038904 
Current FoodfFeed Site Re istration Cotton, hops, potato, alfalfa grown for seed, aquatic uses 
Chemical Struclure 0 

c 
I 

H,C -

0 \ ' 
OH 1

N-CH
2
(n)CH

3 

I 
H,C 

0 (n~7-17) 

Common name EndothaU. mono-N,N-dimethylalky\ amine salt 
Molecular Formula Not available 
Molecular Wei ht Avera e: 422 
IUPAC name 7-oxabicyc\o(2.2.1]beptane-2,3-dicarboxylic acid, compound with N,N· 

dimethvlcocoamine 
CAS name Not available 
CAS# 66330-88-9 
PC Code 038905 
Current Food/Feed Site Re istration Cotton, ho s, otato, alfalfa rown for seed, a uatic uses 

Table A.2. Pbvsicochemical ProDerties ofEndothall and Salts. 
Parameter Value \Reference 

Endothal! (acid 
Melting point 108-1\0't DI87593, D\87590, and D\87588, 

515193, K. Dockter 
pH 2.7 at 25 't (I% solution) D\87593, D187590, and D\87588, 

5/5/93, K. Dockter 
Density, bulk density, or specific 0.4!11 g/cml (bulk) at25t D\87593, D\87590, and D\8758!1, 
ravitv 515193, K. Dockter 

Water solubility at25t 109.!\g/L D\6679!1, 7(1!92, K. Dockter 
\3.1 gl\00 mL in water, pH 5 D20701 1, 9/30/94, F. Toghrol 
12.7 g/100 mL in water, pH 7 
12.5 iitJOO mL in water: PH 9 

Solvent solubility at 25t 3.4 g/100 mL in aceJonilrile D2070! l, 9130194, F. Toghrol 
2.4 g/100 mL in n-octanol 
16.0 g/ioo mL in tetrahvdrofuran 

Vapor pressure 3.92x lO''mmH at24.3't D166798, 712/92, K. Dockter 
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constant, pK, 4.32 for Step I and 6.22 for Step 2 at 
solution in 20% basic ethanol); dissociation rate 
1.8-2.3 x 103 within 3-5 minutes at 025't, 

B. EXPERIMENTALDESIGN 

B.l. Study Site Information 

During 2006-2007, two sugar beet field trials were conducted in Zones 5 and 1 0, two carrot field 
trials were conducted in Zones 5 and 10, and two potato field trials were conducted in Zones 5 
and 11 (Table B.l.l ). The irrigation water used in each test was treated with endothall (2.0 lb 
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ae/gal SC/L monoalkylamine salt) at a concentration of -5 ppm, acid equivalent. In addition, in 
the two sugar beet field trials, side-by-side test were also conducted using the dipotassium salt of 
endothall applied to the irrigation water at a concentration of3.5 ppm, acid equivalent. HED 
notes that although the dipotassium salt was applied at a concentration of 5 ppm ai, this rate is 
equivalent to a concentration of3.5 ppm, acid equivalent. The treated water was applied in each 
test during vegetative development as six broadcast foliar applications using overhead sprinklers, 
at RTis of 6-8 days. A volume equivalent to~ 1 acre inch of water ( -27,000 gal/A) was applied 
for each application. Based on the concentration of the endothall and the amount of water 
applied, the application rates fOr the monoalkylamine salt of endothall were equivalent to 1.13· 
!.l4lb ae/A/application, for a total of6.77-6.83lb ae/A/season (Table B.l.3). The application 
rates for the dipotassium salt were equivalent to 0.80-0.81 lb ae/Alapplication, for a total of 4.80-
4.88 lb ae/ Alseason. These rates are expected to be conservative relative to actual inadvertent 
applications. 

TABLE B.l.l. Trial Site Conditions. 

Trial Identification (City, State; Year) 
Soil characteristics1 

Type I %OM I pH I CEC (meq/1 OOg) 

SU2!lr Beet 

Conklin, MI 2007 
Loam 2.7 6.9 9.8 MI$19 

Arroyo Grande, CA 2007 Sandy Loam 1.2 6.6 8.6 CA$22 

Carrot 

Ravenna, Ml 2007 Loamy Sand 2.1 6.2 7.3 
Ml$20 

Arroyo Grande, CA 2006 Sandy Loam 1.9 5.7 12.6 
CA$06 

Potato 

Conklin, MI 2007 Loam 2.1 6.5 9.0 
Ml$21 

Payette, lD 2007 Loam 2.6 6.4 21.2 
10$23 

' 1 hese parameters are opt1onal except m cases where 1he1r value affects the use pattern for the chem1cal. 

TABLE B.l.2, Water Characterization. 

Study site 
Water characteristics 

Type Hardness/Salinity pH Turbidity Dissolved OM 

Conklin, M\2007 Well NR NR NR NR Ml$19 

Arroyo Grande, CA 2007 Well NR NR NR NR 
CA$22 

Ravenna, Ml 2007 Well NR NR NR NR 
Ml$20 

Arroyo Grande, CA 2006 Well NR NR NR NR 
CA$06 

Conklin, MI 2007 Well NR NR NR NR 
Ml$21 

Payette, lD 2007 Well NR NR NR NR 
ID$23 
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NR"" not reported. 

The actual temperature recordings and rainfall were typical for each site and no unusual weather 
conditions were reported. Aside from the treated-irrigations, no other irrigation was reported 
during the study period. The tests were conducted according to normal agricultural practices for 
the regions, and information was provided on maintenance pesticides and fertilizers used at each 
site. No information was provided on the characteristics of the water used for irrigation, other 
than the source (Table B.l.2). 

TABLE 8.1.3. Study Use Pattern. 
Location 

End-Use 
Application Information 

(City, State; Year) 
Product 1 

Method; Timing 
Concen. Volume Single Rate RTI Total Rate 

TriallD (ppm)2 (gallA) 3 (lb ae/A) 4 (days) 5 {lb ae/A) 1 

Sugar Beet 

Conklin, Ml 2007 
2.0 lb/gal 

Six overhead sprinkler 
Ml$19 

SC/L 
applications during 4.98 1.13 7 6.77 
vegetative development 27,156-

3.0 lb/gal 
Six overhead sprinkler 27,160 

sc applications during 3.5 0.80 7 4.80 
vegetative development 

Arroyo Grande, CA 2.0 lb/gal 
Six overhead sprinkler 

2007 applications during 4.98 1.13 7-8 6.79 
CA$22 

SC/L 
vegetative development 

Six overhead sprinkler 
27,149 

3.0 lb/gal 
SC/L 

applications during 3.5 0.81 7-8 4.88 
vegetative development 

Carrot 

Ravenna, Ml 2007 2.0 lb/gal 
Six overhead sprinkler 

27,149-
Ml$20 

SC/L 
applications during 4.98 

27,16! 
1.13 6-7 6.77 

vegetative development 

Arroyo Grande, CA 
2.0 lb/gal 

Six overhead sprinkler 
2006 

SC/L 
applications during 4.98 27,148 1.13 6-8 6.79 

CA$06 vegetative development 

Potato 

Conklin, Ml 2007 2.0 lb/gal 
Six overhead sprinkler 

27,154-
Ml$21 SC/L 

applications during 4.98 
27,!60 

1.13 7 6.77 
vegetative development 

Payette, ID 2007 2.0 lb/gal 
Six overhead sprinkler 

ID$23 
SC/L 

applications during 5.04 27,117 1.14 7-8 6.83 
vegetative development 

The two formulatJOns used are expressed m lb ac1d equJvalentlgal. The monoalkylamme salt JS a 2.0 lb ae/gal SCJL and the 
dipotassium salt is a 3.0 lb ae/gal SCIL. When applied according to the label directions, the maximum concentration for 
endotbaJI (free acid) is 5 ppm for the monoalkylamine salt and 3.5 ppm for the dipotassium salt. 

2 The concentration of endothall (in acid equivalents) in the irrigation water. No adjuvants were included in the irrigation water. 
3 The target irrigation rate was I acre inch of water or 27,154 gallA 
4 The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae), the application 

volume and plot size. 
4 RTI == Retreatment Interval. 
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TABLE B.1.4. Trial Numbers and Geogra hical Locations. 

NAFTA Carrot Potato 
Growing Submitted Requested 1 Submitted Requested 1 Submitted 
Zones 

Canada u.s. Canada u.s. 
I -- -- -- -- 3 2 --
lA -- I -- -- 4 -- --
2 -- -- -- -- -- -- --
3 -- -- I -- -- I --
4 -- -- -- -- -- I --
5 I 2 I I 3 -- I ' 

SA -- -- -- -- I -- --
58 -- 2 -- -- I -- --
6 -- -- I -- -- 4 --
7 -- -- -- -- -- -- --
7A -- -- -- -- -- I --
' -- -- -- -- -- -- --
9 -- -- -- -- -- -- --
10 I -- 4 -- -- I I ' 

II -- -- I I -- I --
12 -- -- -- -- I 6 --
13 -- -- -- -- -- -- --
Total 2 5 8 [6]3 2 16 16 [12]3 2 
Based on EPA OPPTS GUidelme 860.1500. 

Sugar beet 

Requested 1 

Canada U.S. 

-- --
-- --
-- --
-- --
-- --
2 5 

-- --
-- --
-- I 

-- --
2 I 

-- I 

-- 2 

-- 2 

-- --
-- --
-- --
5 12[9f 

The two sugar beet field trial included side-by-side tests compared the monoalky!amine and dipotassium salts of endotha!! 
(total of4 tests). 

3 The number in brackets indica1es the 25% reduction in the number of field trials allowed for support a crop group tolerance. 

B.2. Sample Handling and Preparation 

Sugar beet tops and roots, carrot roots, and potato tubers were harvested at 0 DAT (after the sixth 
application). A single control and duplicate treated samples of sugar beet roots and tops (~5.25 
lbs/sample), carrot roots (?.5.75 lbs/sample), and potato tubers (?.1 0.5 lbs/sample) were collected 
from each test and placed in frozen storage at each test facility within 3 hours. Samples were 
stored frozen at the field sites for 1-27 days. Samples were then shipped by ACDS freezer truck 
to the analytical laboratory, United Phosphorus, Inc. (King of Prussia, PA), and stored frozen 
(:5-18EC) until analysis. 

B.3. Analytical Methodology 

Residues of endothall (free acid) in/on carrots, potatoes and sugar beets (tops and roots) were 
determined using a LC/MS/MS method (Method No. KP-242Rl) entitled "Analytical Method for 
Determination ofEndothall in Crops", issued 5/4/2007. 

For this method, residues were extracted twice by homogenization with water followed by 
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3P04 at 100-
1200C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE, 
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evaporated to dryness, and reconstituted in hexane:MTBE (I :I v:v). Residues were then cleaned 
using an amine SPE cartridge eluted with methanol:MTBE (I :4). Residues were analyzed by 
LCtrvfS/MS using external standards. The rn!z 397---'~-166 ion transition was used for quantifying 
residues, and residues are expressed in endothall acid equivalents. The validated LOQ for 
endothall in/on onions is 0.05 ppm. An LOD of 0.00001 ppm was reported; however, this value 
was the instrument LOD, rather than the LOD of residue in a control matrix. 

The above method was validated prior to and in conjl.Ulction with the analysis of the field trial 
samples. Control samples of carrot and sugar beet roots were fortified with endothall at 0.05-5.0 
ppm for method validation For concurrent recoveries, control samples were fortified with 
endothall at 0.05-0.1 ppm for carrot root, 0.05-0.5 ppm for potato tuber and sugar beet root, and 
0.05-2.0 ppm for sugar beet tops. 

C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for determining residues of endothall inion sugar beet, carrot, and 
potato was adequately validated prior to and in conjunction with the analysis of field trial 
samples. The average method validation recoveries (±S.D.) were 76 ± 5% for carrot root and 82 
± 8% for sugar beet root. The average concurrent recoveries (±S.D) were 78 ± 3% for carrot 
root, 80 ± 8% for potato tuber, 81 ± 5% for sugar beet tops and 79 ± 8% for sugar beet root. 
Apparent residues of endothall were <LOQ in/on control samples of each matrix. Adequate 
sample calculations and example chromatograms were provided, and the fortification levels used 
for the method recoveries were similar in magnitude to the measured residue levels. 

Carrot, potato, and sugar beet samples were stored at <-18"C for up to 272, 58, and 64 days, 
respectively, prior to analysis (Table C.2). Adequate storage stability data are available 
indicating that endothall is stable in frozen lettuce and sugar beet roots for up to 465 days 
( 47520719 .der, l.Ulder review). The stability data for lettuce and beet roots will support the 
storage durations and conditions for the current field trials. 

Following six overhead sprinkler applications with irrigation water containing the 
monoalkylamine salt of endothall at 5 ppm, acid equivalents (6. 77-6.83 lb ae/A/season), 
endothall residues at 0 DAT were 1.11-1.62 ppm in/on 4 samples of sugar beet tops, 0.136-0.591 
ppm inion 4 samples of sugar beet roots, 0.062-0.088 ppm inion 4 samples of carrot roots, and 
0.067-0.1 03 ppm inion 4 samples of potato tubers (Table C.3). Average endothall residues were 
1.34 ppm for sugar beet tops, 0.330 ppm for sugar beet roots, 0.078 ppm for carrot roots, and 
0.080 ppm for potato tubers (Table C.4). The HAFT residues were 1.37 ppm for sugar beet tops, 
0.493 ppm for sugar beet roots and 0.088 ppm for both carrot roots and potato tubers. No 
residue decline data was provided. 

Following six overhead sprinkler applications with irrigation water containing the dipotassium 
salt of endothall at 3.5 ppm, acid equivalents ( 4.80-4.88 lb ae/A/season), endothall residues at 0 
DAT were 0.523-1.28 ppm in/on 4 samples of sugar beet tops and 0.115-0.345 ppm in/on 4 
samples of sugar beet roots. Average endothall residues were 0.821 ppm inion sugar beet tops 
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and 0.224 ppm inion sugar beet roots, and HAFT residues inion sugar beet tops and roots were 
I. I I and 0.33 I ppm, respectively. 

Although average endothall residues inion sugar beet tops and roots were clearly lower (0.6-
0. 7x) for the dipotassium salt formulation than for the monoalkylamine salt formulation, direct 
comparison of the two formulations is not possible because the two formulations were applied at 
different rates. The monoalkylamine salt was applied at 5 ppm acid equivalents; however, the 
dipotassium salt was applied at only 3.5 ppm acid equivalent, 0.7x the rate of the 
monoalkylamine salt. As explained previously, these different application rates are consistent 
with the two different labels. 

Common cultural practices were used to maintain plants, and the weather conditions and 
maintenance chemicals and fertilizer used in this study are not expected to have had a notable 
impact on the residue data. No phytotoxicity was reported in any of the tests. 

TABLE C.l. Summary of Method Validation and Concurrent Recoveries ofEndothall from Carrot, 
Potato and Sugar beet. 

Matrix Spike Level Sample Size Recoveries Mean± Std. Dev. 1 

(ppm) (") (%) (%) 

Method Validation 

0.05 3 78, 71,72 74± 4 

Carrot, roo! 
0.5 3 74, 73, 73 73 ±I 

5.0 3 86, 80, 78 81 ± 4 

Total 9 71~86 76±5 

0.05 3 71, 73,74 73 ± 2 

Sugar beet, root 
0.5 3 89,81, 78 83 ± 6 

5.0 3 95, 90, 83 89± 6 

Total 9 71~95 82±8 

Con~:urrent Recoveries 

0.05 2 75, 79 77 

Carrot, root 0.1 2 75, 82 79 

Total 4 75-82 78±3 
0.05 2 83, 89 86 

Potato, tuber 
0.25 I 78 78 

0.5 1 71 81 

Total 4 71-89 80±8 

0.05 2 84, 75 80 

Sugar beet, tops 
10 I 86 86 
2.0 I 78 78 

Total 4 75-86 81±5 

0.05 2 74, 73 74 
Sugar bee!, roo! 0.5 2 90,79 85 

Total 4 73-90 79±8 
> Standard devJahons were calculated only for data sets haVJng _3 values. 
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TABLEC.2. Summary of Storage Conditions. 

Matrix Storage Temperature Actual Storage Duration 
(OC) {days)1 

Carrot 33-272 

Potato 5-18 
41-58 

Sugar beet tops 47-64 

Sugar beet roots 47-64 
Interval from harvest to extraction for analysis. Extracts were stored 0 5 days pnor to analys1s. -

Interval of Demonstrated 
Storage Stability 

{days)' 

465 

2 Endothall is stable in frozen lettuce and sugar beet roots for up to467 days (47520719.der under review). 

TABLEC.3. Residue Data from Root and Tuber Vegetable Field Trials with Endothall. 

Trial!D 
Zone Crop; Variety Matrix : 

Total Rate PHI 
Residues (ppm)1·2 

{City, State; Year) ppm I lbadA (days} 

Su ar Beets 
Conklin, Ml 2007 

Tops 
5.0 6.77 0 1.256 1.374 

Ml$19 Sugar beet; 3.5 uo 0 0.523 0.531 
5 Beta 5451 5.0 6.77 0 0.199 0.136 

Roots 
3.5 4.80 0 0.120 0.115 

Arroyo Grande, CA Sugar beet; Tops 5.0 6.79 0 1.618 I. 105 
2007 Alpine 3.5 4.88 0 1.279 0.948 
CA$22 10 Medium 5.0 6.79 0 0.591 0.395 

Quickprime Roots 
3.5 4.88 0 0.345 0.316 

Carrot 

Ravenna, Ml 2007 
5 

Carrot; Root 5.0 6.77 0 0.075 0.062 
Ml$20 Recoleta 

Arroyo Grande, CA 
2006 10 Carrot; Nantes Root 5.0 6.79 0 0.088 0.088 
CAS06 

Potato 

Conklin, Ml 2007 
5 

Potato; Dark 
Tuber 5.0 6.77 0 0.072 0.103 

Ml$21 Red Norland 

Payette, 1D 2007 
II 

Potato; Ranger Tubl!r 5.0 6.83 0 0.067 0.078 ID$23 Russet 
Expressed m endothall ac1d eqUivalent. The LOQ !S 0.05 ppm. 

2 The two values in each row represent two samples fr:om a single plo1. 
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TABLE CA. Summary of Residue Data from Root and Tuber Vegetable Field Trials with Endolhall. 

Formulation Total PHI Residue Levels (ppm) 2 

Commodity 
type 

Applic. (days) Min. Max. HAFT' Median Me"' Std. 
Rate 1 " (STMdR) (STMR) Dev. 

Monoamine 5 ppm 0 2 1.32 1.36 1.36 1.34 1.34 0.033 
Sugar beet, salt (SC/L) (6.77-6.79) 
tops Dipotassium_ , .3}prrn: ·: . 0.527 ' . Lll4 ' 

·:.· .. ·-::> ·': ; ' 

saU (SCIL}' (4,80-4.88) 
-o·. 2' .1.114 0.820' 'o.82o: 0..4'15 

Monoamine 5 ppm 0 2 0.165 0.493 0.493 0.330 0.330 0.230 Sugar beet, salt (SC/L) (6.77-6.79) 
roots Dipotassium 3.5 ppm o:2i~ o.ts1 salt (SCIL) (4.80-4.88) 0 2 0.118 0.330 0.331 . · 0.2U 

Carrot 
Monoamine 5 ppm 0 2 0.0685 0.088 0.088 0.078 0.078 0.014 salt (SCIL) (6.77..6.79) 

Potato 
Monoamine 5 ppm 0 2 0.0725 0.875 0.0875 0.080 0.080 0.011 salt (SCIL) (6.77-6.83) 

The concentratiOn are expressed tn ac1d equ1valcnts, and the values m parentheses are the total apphcauon rate m terms oflb 
aeiA. 

2 Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm. 
HAFT"" Highest Average Field Trial. 

D. CONCLUSION 

The available field trial data are adequate and support the use of endothall-treated water for 
irrigation of root and tuber vegetables. The data support the use of endothall (monoalkylarnine 
salt) in irrigalion water at a concentration of5 ppm (ae), with no more than six applications to 
the water per season and a minimwn 7-day interval of application of treated water to vegetable 
crops. Results represent a 0-day PHI. However, the data are not appropriate for directly 
comparing residues resulting from the use of the dipotassium salt formulation with the 
monoalkylamine salt formulation because the dipotassium salt was applied at a lower rate {0. 7x). 

E. REFERENCES 

None 

F. DOCUMENT TRACKING 

RDI: D. Soderberg (5 June 2009), W. Donovan (5 June 2009) 
Petition Number: 8E7419 
DP#: 356315 
PC Code: 038901,038904, and 038905 
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This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road, 
Building 100, Suite B, Durham, NC 27713; submitted 3/25/2009). The DER has been reviewed by the 
Health Effects Division (RED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

47520701. Arsenovic, M. (2008) Endothall (Hydrotholl91 and Aquathol K): Magnitude of the 
Residue on Vegetable, Root and Tuber Group: Lab Project Number: Z9762. Unpublished study 
prepared by Interregional Research Project No.4. 389 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No. 4 (IR-4) submitted a sugar beet processing study reflecting 
the exposure of sugar beets to endothall through the use oftreated irrigation water. In a field 
trial conducted inCA (Zones 10) during 2007, a 2.0 lb ae/gal soluble concentrate (SCIL) 
formulation of endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 
5 ppm ae. [In order to avoid the complications of different molecular weights for different salts, 
endothall concentrations are expressed as the free acid equivalents ( ae ). J The treated water was 
then applied using overhead sprinklers to the sugar beets as six broadcast foliar applications 
during vegetative development atretreatment intervals (RTis) of7-8 days. A volume equivalent 
to 1 acre inch of water (-27,154 gal/A) was applied for each application. Based on the 
concentration of the endothall and the amount of water applied, the application rate for endothall 
was equivalent to 1.13 lb ae/AJapplication, for a total of 6. 79 lb ae/ AJseason. 

Single bulk control and tteated samples of sugar beet roots were harvested at normal crop 
maturity, immediately following the last irrigation (0 days after treatment, DAT). The roots 
were washed and processed into dried pulp, molasses, and refined sugar using simulated 
commercial procedures. Samples of unwashed whole roots were stored frozen for up to 64 days 
prior to analysis, and samples of each processed fractions were stored frozen for up to 24 days 
prior to analysis. The sample storage intervals and conditions are supported by the available 
storage stability data. 

Residues of endothall (free acid) inion sugar beet roots and processed fractions were determined 
using an adequate LC/MS/MS method (Method No. KP-242Rl). Residues in roots and dried 
pulp samples were extracted with water and then derivatized with heptafluoro-p-tolylhydrazine 
(HFTH) in 50% H3P04 . Sugar and molasses samples were initially dissolved in water and then 
residues were derivatized. The derivatized residues from each matrix were cleaned up by 
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partitioning into methyl t-butyl ether (MTBE) and elution through an amine solid phase 
extraction (SPE) cartridge. Residues were then analyzed by LC/MS/MS using external standards 
for quantitation. The validated limit of quantitation (LOQ) for endothall is 0.05 ppm in each 
sugar beet matrix. 

Residues of endothall averaged 0.493 ppm in/on whole unwashed roots (RAC) and were 0.554 
ppm in dried pulp, 1.203 in molasses, and <0.05 ppm in refined sugar. The processing factors 
were l.lx for dried pulp, 2.4x for molasses, and <O.lx for refined sugar. The theoretical 
concentration factor for refined sugar is 12.5x. 

STUDY/WAIVER ACCEPTABILITYIDEFICIENCIES/CLARIFICA TIONS: 

Under the conditions and parameters used in the study, the sugar beet processing study is 
classified as scientifically acceptable. The acceptability of this study for regulatory purposes is 
addressed in the forthcoming U.S. EPA Residue Chemistry Summary Document, DP# 356315. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice {GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUNDINFORMATION 

Endothall [7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide, 
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class. 
The free acid ofendothall (PC Code 038901) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. This includes irrigation canals, but with a 7 day holding time. 
They are also registered for desiccation/defoliation of alfalfa/clover (grown for seed only), 
cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops. 
Permanent tolerances are established for the combined residues of endothall and its monomethyl 
ester at 0.1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm inion rice 
grain and straw [40 CFR §180.293(a)(l)]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419), 
IR-4 has submitted a sugar beet processing study reflecting irrigation of sugar beets v.rith 
endothall-treated water. The chemical structure and nomenclature of endothall and its amine salt 
are listed in Table A.l. The physicochemical properties of technical grade endothall and its 
amine salt are listed in Table A.2. 
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Table A.l. Endothall and Salts Nomenclature 

Chemical Structure 0 

( OH 

OH 

0 
Common name Endothall 
Molecular Formula CsH100s 
Molecular Weight 186.16 
IUPAC name 7-oxabic clo 2.2.1 he tane-2,3-dicarbox lie acid 
CAS name 7-oxabic clo 2.2.1lhe tane-2,3-dicarbox •lie acid 
CAS# 145-73-3 
PC Code 038901 
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed 
Registration 
Chemical Structure 0 

( 
- H,c 

0 \ . 
N-CH

2
(n)CH

3 OH I 
H,c 

0 (n~7-!7) 

Common name Endothall, mono-N,N-dimethylalkyl amine salt 
Molecular Formula Not available 
Molecular Wei I Avera e: 422 
IUPAC name 7-oxabicvclo 2.2. t heptane-2,3-dicarbox ·lie acid, com ound with N,N-dimeth Jcocoamine 
CAS name Not available 
CAS# 66330-88·9 
PC Code 038905 
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed, aquatic uses 
Ree:istration 
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Table A.2. Phvsicochemical Prooerties of Endothall and Salts 
Parameter !Value Reference 

Endothall acid) 
Melting point 108-i!O"e Di87593, Di87590, and D187588, 

515193, K. Dockter 
pH 2. 7 at 25"e (I% solution) Dl87593, D187590, andDI87588, 

515193, K. Dockter 
Density, bulk density, or specific 0.481 g/cm3 (bulk) at 25't 0187593, Di87590, and Dl87588, 

i gravitY 5!5193, K. Dockter 
Water solubility at 25't 109.8 giL Dl66798, 7/2/92, K. Dockter 

13.1 g/100 mL in water, pH 5 D207011, 9/30/94, F. Toghrol 
12.7 g!IOO mL in water, pH 7 
12.5 iJIOO mL in water, oH 9 

Solvent solubillty at 25"C 3.4 g/!00 mL in acetonitrile D207011, 9/30/94, F. Toghrol 
2.4 gil 00 mL in n-octanol 
16.0 g/100 mL in tctrahydrofuran 

Vapor pressure 3.92 x I o·> mm H,g at 24.3"e Di66798, 7/2/92, K. Dockter 
Dissociation constant, pK. 4.32 for Step I and 6.22 for Step 2 at 20't (0.2% D 188708, 513193, K. Dockter 

solution in 20% basic ethanol); dissociation rate 
1.8-2.3 x 103 !-!mho within 3-5 minutes at 025't, 
bv conductivitv meter 

Octanol/water artition coefficient Nota licable ro endothall <~cid 0166798, 712/92, K. Dockter 
UV /visible absorption spectrum Not available 

Endothall, mono-N,N-dimethvlalk ·I amine salt 
Boilin oint Not availahle 
pH 5.2 at 25't (I% solution) Di87593, 0187590, and Dl87588, 

5!5!93, K. Dockter 
Density, bulk density, or specific 1.028 g/mL at 25't Dl87593, Dl87590, and Dl87588, 
gravitv 5!5193, K. Dockter 
Water solubility at 25"e ~49.2 gllOOmL in water, pH 5 0210814,8/9/95, S. Knizner 

251.~ ~-100 mL in water, pH 7 
>49.8 100 rnL in water, PH 9 

Solvent solubility at 25't ~102.5 g/IOOmL in acetonitrile 0210814, 819!95, S. Knizner 
295.4 g/100 mL in n-octanol 
>I04.r~iloo mL in tetrahydrofuran 

Vapor pressure 2.09 x 10·S mm Hg at 25't (calculated; mixed 0206344, 9/22/94, F. Toghrol 
mono- and dialkvlamine (C8-C2Q)) 

Dissociation constant, pK, 4.24 for Step I and 6.07 for Step 2 at 20't for Di98885, 417/94, F. Toghrol 
mixed mono- and dialkylamine (C8-C20) in 
acidified ethanol/water; dissociation complete 
017 minutes ( 1.7 x I 01 umho) a1 25't 

Octanol/water partition coefficient Kow 2.097 at concentrations of 8.9 x I o· M and 0209995, 1120!95, L. Edwards 
8.9 X 10'4 M, at 25"e 

UV/visible absorption spectrum Not available 

B. EXPERIMENTAL DESIGN 

B.l. Application and Crop Information 

In a field trial conducted inCA during 2007, sugar beets were irrigated six times with endothall
treated water using overhead sprinklers (Table B.l.l ). The irrigation water was treated with 
endothall (2.0 lb ae/gal SC/L monalkylamine salt) at a concentration of ~5 ppm, acid equivalent 
The beets were irrigated six times during vegetative development at RTls of7-8 days. A volume 
equivalent to ~ 1 acre inch of water (27, 154 gallA) was applied for each irrigation. Based on the 
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concentration of the endothall and the amount of water applied, application rate for endothall 
was equivalent to 1.13 lb ae/Napplication, for a total of 6. 79 lb ae/ A/season. 

TABLE B.l.l. Study Usc Pattern. 

Location 
End-Use 

Application Information 
(City, State; Year) ProducJ Method; Timing 

Conccn. Volume Single Rate RTI 4 Total Rate 
Trial ID (ppm) 1 (gaUA) 2 {lb ac/A)) (days) (lb ae/A) l 

Arroyo Grande, CA Six broadcast foliar 
2007 2.0 lb ae/gal applications during 

5.0 27,149 L13 7-8 6.19 
CAS22 SC!L vegetative development 

using overhead sprinklers. 

The concentrate of endothall (m ac1d eqmvalents) m the 1rngat1on water. No adjuvants were mcluded m the 1rngat10n water. 
~ The target irrigation rate was I acre inch of water or 27,154 gal/A. 
2 The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae), the application 

volume and plot size. 
RTI"" Retreatment Interval. 

B.2. Sample Handling and Processing Procedures 

Single bulk control and treated samples (105lbs/sample) of sugar beet roots were harvested at 0 
DAT. The samples were frozen within 3 hours of harvest and shipped frozen on the day of 
harvest to the processing facility, GLP Technologies (Navasota, TX), where samples were stored 
at :5-l2°C until processing. Processing was initiated and completed within 36 days ofharvest. 
Prior to processing, two subsamples of unwashed roots (RAC) were collected for analysis. The 
remaining samples were processed into molasses, sugar and dried pulp using simulated 
commercial procedures (Figure B.l). After processing, the root samples and each processed 
fraction were stored at::;~ 12°C. 

Within 3 days of processing, the frozen root and processed fraction samples were shipped by 
overnight courier on dry ice to the analytical laboratory, United Phosphorous, Inc. (King of 
Prussia, PA), where the samples were processed and stored at -l8°C until analysis. 
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Processing Flowchart for Treated Sugar Beet Roots. 

FORM H.211 Revision .QQ. 

SUGAR BEET PROCESSING MATERIAL BALANCE 

Sample# 2 CT"reated. Trt. 02). Code #.li 

SUGAR BEETS ~lbs. 

I 
Cleaning 90.1 lbs. after cleaning 
I 

Slicing & 

Diffusion 11.9 lbs. waste 

~-----------, 
Juice 70.4 lbs. Diffused Cossettes_..Q§.,a_lbs .. 

- Juice(from dewatering)-
13.5 lbs. 

Phosphatization 

I 
Thin Juice.§2.1_1bs. 

I 
Evaporatlon 

2!l§§_g Thick Juice 

I 
Dewatering 

I 
Pulp 49.9 lbs. 
I 

Orying 

I 
PULP AJ_Ibs. 

MOlASSES~ 

B.3. Analytical Methodology 

Residues of the free acid of endothall inion sugar beet roots and its processed fractions were 
determined using a LC/MS/MS method (Method No. KP-242RI) entitled "Analytical Method for 
Determination ofEndothall in Crops", issued 5/4/2007. 

For this method, residues in root and pulp were extracted twice by homogenization with water 
followed by centrifugation and filtering. For molasses and refined sugar, the samples were 
initially dissolved in water. Residues were then derivatized with HFTH in 50% H3P04 at 1 00~ 
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l20°C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE, 
evaporated to dryness, and reconstituted in hexane:MTBE (I: I v:v). Residues were then cleaned 
using an amine SPE cartridge eluted with methanol:MTBE (I :4). Residues were analyzed by 
LC/MS/MS using external standards. The mfz 397-----) 166 ion transition was used for quantifying 
residues, and residues are expressed in acid equivalents. The validated LOQ for endothall is 0.05 
ppm. An LOD ofO.OOOOI ppm was reported; however, this value was the instrument LOD, 
rather than the LOD of residue in a control matrix. 

For method validation, control samples of sugar beet roots and molasses were fortified with 
endothall at 0.05w5.0 ppm. For concurrent recoveries, control sample were fortified with 
endothall at 0.05 and 0.5 ppm for roots and each processed fraction. 

C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for determining residues of endothall inion sugar beet roots and its 
processed fractions was adequately validated prior to and in conjunction with the analysis of 
processing study samples (Table C.l ). Method validation recoveries averaged (±SD) 82 ± 8% 
from whole roots and 90 ± 12% from molasses. Concurrent recoveries averaged 79% for whole 
roots, 81% for refined sugar, 80% for dried pulp, and 76% for molasses. Apparent residues of 
endothall were <LOQ inion control samples of each matrix. Adequate sample calculations and 
example chromatograms were provided and the fortification levels used for method recoveries 
were similar in magnitude to the measured residue levels. 

Sugar beet roots were stored at wJ8°C for up to 64 days prior to analysis, and the processed 
fractions were stored at w l8°C for up to 24 days prior to analysis (Table C.2). As the processed 
fractions were analyzed within one month of sampling, supporting storage stability data are not 
required for the processed fractions. Adequate storage stability data are available indicating that 
endothall is stable in frozen sugar beet roots for up to 465 days (47520719.der, under review). 
These stability data will support the storage durations and conditions for the processing study. 

Residues ofendothall averaged 0.493 ppm inion whole unwashed roots (RAC) and were 0.123 
ppm inion washed roots, 0.554 ppm in dried pulp, 1.203 ppm in molasses, and <0.05 ppm in 
refined sugar (Table C.3). The calculated processing factors were 0.2x for washed roots, l.lx for 
dried pulp, 2.4x for molasses, and <0. lx for refined sugar. The theoretical concentration factor is 
12.5x for refined sugar. 
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TABLE C.l. Summary of Method Validation and Concurrent Recoveries ofEndothaii from Sugar Beet 
Roots and Its Processed Fractions. 

Matrix Spike Level Sample Size Recoveries 
(ppm) ("} (%) 

Method Validation 

0.05 3 71, 73,74 

Sugar beet, root 
0.5 3 89, 81, 78 

5.0 3 95,90,83 

Total 9 71-95 

0.05 3 80, 84, 97 

Sugar beet, O.l 3 84, 82, 100 
molasses 5.0 3 74, 114,91 

Total 9 74-114 

Concurrent Recoveries 

0.05 2 74, 73 

Sugar beet root 0.5 2 90,79 

Total 4 73-90 

Sugar beet, refined 0.05 I 74 
sugar 0.5 I 89 

Sugar beet, dried 0.05 I 75 
pulp 0.5 I 8l 

Sugar beet, 0.05 I 79 
molasses 0.5 I 73 

Standard devJatJOns are calculated for data sets bavmg 2:3 values. 

TABLE C.2. Summary of Storage Conditions for Sugar Beet Matrices. 

Matrix Storage Temperature Actual Storage Duration 
(OC) (days)1 

Roots 30-64 

Refined sugar 
-18 

19-21 

Dried pulp 
-~---~-

22-24 

Molasses 2 t-23 

' Interval from harvest to extractiOn for analySIS. Extracts were stored 0-5 days pnor to analys1s. 
2 Endothall is stable in frozen sugar beet root~ for up to 465 days (47520719.der under review). 

TABLE C.3. Residue Data from Sugar Beet Processing Study with Endothall. 

Mean:!: Std. Dev. 1 

(%) 

73±2 

83:!: 6 

89± 6 

82 :!:8 

87:!: 9 

89± 10 

93 ±20 

90± 12 

74 

8l 

79:!:8 

81 

80 

16 

Interval of Demonstrated 
Storage Stability 

(daysf 

467 

RAC Processed Commodity Total Rate 1 PHI Residues (ppm) 2 Processing 
(days) Factor 

Sugar beet Unwashed roots (RAC) 0.591, 0.395 (ave. 0.493) --
Washed roots 5 ppm 0.123 0.2x 

Dried pulp 0 0.554 J.lx 

Molasses (6.79 lb ae/A) 1.203 2.4x 

Refined sugar <0.05 <O.Jx 
The rate JS expressed both m terms of the concentratiOn m the 1mgat10n water (ppm) and the total amount (lb ae!A) apphed. 

2 Residues are expressed in acid equivalents. The LOQ is 0.05 ppm. 
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D. CONCLUSION 

The sugar beet processing study is adequate. Endothall residues did not concentrate in refined 
sugar (<O.lx), but concentrated slightly (I .lx) in dried pulp and by 2.4x in molasses. 

E, REFERENCES 

None 

F. DOCUMENTTRACKING 

RDJ: David Soderberg (5 June 2009); William Donovan (5 June 2009) 
Petition Number: 8E7419 
DP#: 356315 
PCCode:03890!,038905 

Template Version June 2005 
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Approved by 
William Donovan, Senior Scientist, RABV, 
HED 

Date: 5 June 2009 

Date: 5 June 2009 

This DER was originally prepared under contract by Dynamac Corporation ( l91 0 Sedwick Road, 
Building 100, Suite B, Durham, NC 27713; submitted 3/25/2009). The DER has been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

47520702. Arsenovic, M. (2008) Endothal! (Hydrothol 191): Magnitude of the Residue on 
Vegetable Bulb Group: Lab Project Number: Z9763. Unpublished study prepared by 
Interregional Research Project No. 4. 185 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No.4 (IR-4) submitted field trial data reflecting the exposure of 
green and dry bulb onions to endothall through the use of treated irrigation water. In a green 
onion and dry bulb onion field trial conducted during 2007 in Zones 6 and 10, respectively, a 2.0 
lb ae/gal soluble concentrate (SC/L) formulation ofendothall (monoalkylamine salt) was used to 
treat the irrigation water at a rate of 5 ppm ae. [In order to avoid the complications of different 
molecular weights for the different salts, endothall concentrations are expressed as the free acid 
equivalents (ae).] The treated water was applied to onions during vegetative development as six 
broadcast foliar applications using overhead sprinklers, at retreatment intervals (RTis) of?-8 
days. A vohune equivalent to ~1 acre inch of water (27,154 gallA) was applied for each 
application. Based on the concentration of the endothall and the amount of water applied, the 
application rates for endothall were equivalent to 1.12-1.13 lb ae/ A/application, for a total of 
6.75-6.761b ae/A/season. 

Single control and duplicate treated samples of green onions and dry bulb onions were harvested 
from the respective tests on the day of the final application (0 days after treatment, DAT), and 
samples were stored at <-18°C for up to 143 days prior to analysis. Adequate storage stability 
data are available to support the duration and conditions of sample storage. 

Residues ofendothall (free acid) inion onions were determined using an adequate LC/MS/MS 
method (Method No. KP-242R1). For this method, residues were extracted with water and then 
derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H3P04• The derivatized residues 
were cleaned up by partitioning into methyl t-butyl ether (MTBE) and elution through an amine 
solid phase extraction (SPE) cartridge. Residues were then analyzed by LC/MS/MS using 
external standards for quantitation. Residues are expressed in endothall acid equivalents. The 
validated limit of quantitation (LOQ) for endothall inion onions is 0.05 ppm. 
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Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm 
(6.75-6. 761b ae/Nseason), endothall residues at 0 DAT were 0.234 and 0.0284 ppm in/on 2 
samples of green onions and <0.05 ppm inion 2 samples of dry bulb onions. The average 
residues were 0.259 ppm for green onions and <0.05 ppm for dry bulb onions. No residue 
decline data was provided. 

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS: 

Under the conditions and parameters used in the study, the field trial residue data are 
scientifically acceptable. Although only one trial was performed for each crop, the results are 
expected to be conservative. The acceptability of this study for regulatory purposes is addressed 
in the forthcoming U.S. EPA Residue Chemistry Summary Document, DP# 356315. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUND INFORMATION 

Endothall [7-oxabicyclo[2,2, 1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide, 
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class. 
The free acid of endothall (PC Code 03890 I) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding 
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed 
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops. 
Permanent tolerances are establtshed for the combined residues of endothall and its monomethyl 
ester at 0. 1 ppm inion cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm inion rice 
grain and straw [40 CFR §!80.293(a)(I)]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419), 
IR-4 has submitted field trial data reflecting irrigation of green and dry bulb onions with 
endothall-treated water. The chemical structure and nomenclature of endothall and its 
monoalkylamine salt are listed in Table A.1. The physicochemical properties of technical grade 
endothall and its monoalkylarnine salt are listed in Table A.2. 
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Table A.l. Endothall and Salts Nomenclature 
Chemical Structure 0 

c OH 

OH 

0 
Common name Endothall 
Molecular Formula CsHwOs 
Molecular Weight 186.16 
lUPAC name 7-oxabi clo 2.2.1 he tane-2,3-dicarbox lie acid 
CAS name 7-oxabicvclo 2.2.1 he tane-2,3-dicarbox lie acid 
CAS# 145-73-3 
PC Code 038901 
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed 
Registration 
Chemical Structure 0 

- H,C 
0 \ . c OH 1

N-CHz(n)CH3 

H,C 

0 (n~7-17) 

Common name Endothall, mono-N,N-dimeth !alkyl amine salt 
Molecular Formula Not available 
Molecular Weight Average: 422 
IUPACname 7-oxabicyclo 2.2.1 he tane-2,3-dicarboxylic acid, compound with N,N-dimethylcocoamine 
CAS name Not available 
CAS# 66330-88-9 
PC Code 038905 
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed, aquatic uses 
Registration 

Table A.2. Pbysicochemical Properties of Endotball and Salts 
Parameter Value )Reference 

Endothall acid 
Melting point 108-IIO't Dl87593, Dl87590, and Dl87588, 

515193, K. Dockter 
pH 2.7 at 25 't ( 1% solution) 0187593, Dl87590, and 0187588, 

5!5193, K. Dockter 
Density, bulk density, or specific 0.481 glcm' (bulk) at25't Dl87593, 0187590, and DJ87588, 
ravity 515193, K. Dockter 

Water solubility at 25't t09.8 giL Dl66798, 112192, K. Dockter 
13.1 g/100 mL in water, p.l-15 D20701I, 9130194, F. Toghrol 
12.; ~:oo mL in water, pH 7 
12.5 100 mL in water, PH 9 

Solvent solubility at 25't 3.4 g/100 mL in acetonitrile 0207011, 9130194, F. Toghrol 
2.4 gil 00 mL in n-octanol 
16.0 g/100 mL in tetrahydrofuran 

Vapor pressure 3.92x !0"5 mmHgat24.3't Dl66798, 7/2192, K. Dockter 
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Table A.2. Phvsicochemical Properties ofEndothall and Salts 

Parameter Value Reference 
Dissociation constant, pK, 4.32 for Step I and 6.22 for Step 2 at 20't (0.2% Dl88708, 5/3/93, K. Dockter 

solution in 20% basic ethanol); dissociation rate 
1.8-2.3 x 103 ).!mho within 3-5 minutes at 025t', 
by conductivity meter 

Octanol/water partition coefficient Nota licable to endothall acid Dl66798, 712/92, K. Dockter 
UV/visible absorption spectrum Not available 

Endothall, mono·N,N.dimethylalkyl amine salt 
Boilin oint Not available 
pH 5.2 at 25't (I% solution) Dl87593, DI87590, and 0!87588, 

5/5/93, K. Dockter 
Density, bulk density, or specific 1.028 glmL at 25't Dl87593, Dl87590, and Dl87588, 

I gravity 515!93, K. Dockter 
Water solubility at 25t' 2:49.2 g/IOOmL in water, pH 5 D2108!4, 8/9/95, S. Knizner 

2:51.~ ~:oo mL in water, pH 7 
>49.8 100 mL in water, pH 9 

Solvent solubility at 25't 2:102.5 gllOOmL in acetonitrile D210814, 8/9/95, S. Knizner 
<!95.4 g/100 mL in n-octanol 
>104.3~100 mL in tetra11ydrofuran 

Vapor pressure 2.09 x 10"5 mm Hg at25't (calculated; mixed D206344, 9/22/94, F. Toghrol 
mono- and dialkylarnine (C8-C20)) 

Dissociation constant, pK, 4.24 for Step I and 6.07 for Step 2 at 20't for D 198885, 4/7!94, F. Toghrol 
mixed mono- and dialkylamine (C8-C20) in 
acidified ethanol/water; dissociation complete 
Q17 minutes (1.7 x 103 ).!mho) at 25t' 

Octanol!water partition coefficient Kow 2.097 at concentrations of8.9 x 10· M ond D209995, 1120195, L. Edwards 
8.9 x 10-4M, at 25t' 

UV/visible absorption spectrum Not available 

B. EXPERIMENTAL DESIGN 

B.l. Study Site Information 

Two onion field trials (one green and one dry bulb) were conducted in Zones 6 and 10 during 
2007 (Table B. I.!). The irrigation water used in each test was treated with endothall (2.0 lb 
ae/gal SC monoalkylamine salt) at a concentration of -5 ppm, acid equivalent. The treated water 
was then applied using overhead sprinklers to the onions as six broadcast foliar applications 
during vegetative development at RTis of7-8 days. A volume equivalent to -1 acre inch of 
water (-27,000 gal/A) was applied for each application. Based on the concentration of the 
endothall and the amount of water applied, application rates for endothall were equivalent to 
1.12-1.13 lb ae/A/application, for a total of 6.75-6.76 lb ae/A/season (Table B.l.3). These rates 
are expected to be conservative relative to actual applications. 

TABLE B.Ll. Trial Sile Conditions. 

Trial Identification (City, State; Year) Soil characteristics1 

TYP< %OM pH CEC (meq/g) 

East Bernard, TX 2007 
Clay 0.6 7.3 21.1 

TX$07 

Arroyo Grande, CA 2007 Sandy Loam l.2 6.6 8.6 
CA$18 

These parameters are opt10nal except 1n cases where theJr value affects the use pattern for the chem1cal. 

DP# 356315/MRlD No. 47520702 



Endotha!V038901/Interregional Research Project No.4 
DACO 6.4, 7.4, 7.8/0PPTS 860. 1400/0ECD lilA 8.4.3 and IliA 8.3 
Water, Fish, and Irrigated Crops~ Irrigated Bulb Vegetables 

TABLE B.1.2. Water Characterization. 

Study site Water characteristics 

Type Hardness/Salinity pH 

East Bernard, TX 2007 Well NR NR 
TXS07 

Arroyo Grande, CA 2007 

i 
Well NR NR 

CA$18 

Turbidity Dissolved OM 

NR NR 

NR NR 

The actual temperature recordings and rainfall were typical for each site and no unusual weather 
conditions were reported. Aside from the treated-irrigations, no other irrigation was reported 
during the study period. The tests were conducted according to normal agricultural practices for 
the regions, and information was provided on maintenance pesticides and fertilizers used at each 
site. No information was provided on the characteristics of the water used for irrigation, other 
than the source (Table B.l.2). 

TABLE B.1.3. Study Use Pattern. 

Location 
Application; no adjuvant used 

End~Use 
(City, State; Year) 

Product Method; Timing 
Concen. Volume Single Rate RTI' Total Rate 

Trial ID (ppm) J (gallA) 2 (lb ae/A) 3 (days) (lb ae/A) 1 

East Bernard, TX 2007 Six. broadcast foliar 
TX$07 

2.0 lb/gal 
application during 

27,046· 
SCJL 

vegetative development 5.0 
27,132 

1.!2~1.!3 7-8 6.75 
(BBCH 13-43) using 
overhead sprinklers. 

Arroyo Grande, CA Six broadcast foliar 
2007 

2.0 lb!gal 
application during 

CA$18 vegetative developrnem 5.0 27,148 !.13 7 6.76 SC/L 
using overhead 
sprinklers. 

The concentratwn of endotha!l (m ac1d equivalents) m the JmgatJon water. No adjuvants were mcluded m the 1mgatwn water. 
2 The target irrigation rate was I acre inch of water or 27,1:54 gal/A. 
3 The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae), the application 

volume and plot size. 
RTr= Retreatment [nterval. 
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TABLE 8.1.4. Trial Numbers and Geographical Locations. 

NAFTA Green Onion 
Growing Submitted Requested1 Submitted 
Zones 

Canada u.s. 
I -- -- -- --
lA -- -- -- --
2 -- -- -- --
3 -- -- -- --
4 -- -- -- --
s -- I -- --
SA -- -- -- --
SB -- I -- --
6 I -- -- --
7 -- -- -- --
7A -- -- -- --
8 -- -- -- --
9 -- -- -- --
10 -- -- -- I 

II -- -- -- --
12 -- -- -- --
13 -- -- -- --
Total I 2 3' 2 
Based on EPA OPPTS Gmdchne 860.1500. 

2 Guidelines do not specify zones for green onion !rials. 

Bulb Onion 

Requested1 

Canada 

3 

4 

--
--
--
3 

--
2 

--
--
--
--
--
--
--
I 

--
s 

3 The number in brackets indicates a 25% reduction required to support a crop group tolerance. 

B.2. Sample Handling and Preparation 

U.S. 

I 

--
--
--
--

IJO] 
--
--
I 

--
--
I 

--
2 

I 

1[0] 

--
8[61 J 

Green and bulb onions were harvested at 0 DAT (after the sixth application). A single control 
and duplicate treated samples of green onion, whole plant without roots (:::4.2lbs/sample) and 
bulb onion (~12lbs/sample) were collected from each test at 0 DAT and placed in frozen storage 
at each test facility within 1 hour. Samples were stored frozen at the field sites for 14-28 days. 
Samples were then shipped by ACDS freezer truck to the analytical laboratory, United 
Phosphorus, Inc. (King of Prussia, PA), and stored frozen (~-I8EC) prior to ana[ysis. 

B.3. Analytical Methodology 

Residues of endothall (free acid) inion onions were determined using a LCIMS/MS method 
(Method No. KP-242Rl) entitled "Analytical Method for Determination ofEndothall in Crops", 
issued 5/4/2007. 

For this method, residues were extracted twice by homogenization Mth water followed by 
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3P04 at IOO
l200C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE, 
evaporated to dryness, and reconstituted in hexane:MTBE (1: 1 v:v). Residues were then cleaned 
using an amine SPE cartridge eluted with methanol:MTBE (1 :4). Residues were analyzed by 
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LC/MS/MS using external standards. The rnlz 397....-...Jo 166 ion transition was used for quantifying 
residues. Residues are expressed in endothall acid equivalents. The validated LOQ for endothall 
in/on onions is 0.05 ppm. An LOD ofO.OOOOl ppm was reported; however, this value was the 
instrument LOD, rather than the LOD of residue in a control matrix. 

The above method was validated prior to and in conjunction with the analysis of the onion field 
trial samples. Control samples of bulb onions were fortified with endothall at 0.05-5.0 ppm for 
method validation, and control samples of bulb and green onions were fortified with endothall at 
0.05 and 0.5 ppm for concurrent recoveries. 

C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for determining residues of endothall inion onions was adequately 
validated prior to and in conjunction with the analysis of field trial samples. The average method 
validation recoveries (±S.D.) were 83 ± 6% for bulb onion. The average concurrent recoveries 
(±S.D) were 75 ± 4% for green onion and 90 ± 7% for bulb onion. Apparent residues of 
endothall were non-detectable in/on control samples of onions. Adequate sample calculations 
and example chromatograms were provided, and the fortification levels used for the method 
recoveries were similar in magnitude to the measured residue levels. 

Green and bulb onion samples were stored at <-l8°C for up to 143 and 63 days, respectively, 
prior to analysis (fable C.2). Adequate storage stability data are available indicating that 
endothall is stable in frozen lettuce and sugar beet roots for up to 465 days (47520719.der, under 
review). The stability data for lettuce and beet roots will support the storage durations and 
conditions for the current onion field trials. 

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm 
(6.75-6.76lb ae/A/season), endothall residues at 0 DAT were 0.234 and 0.0284 ppm inion 2 
samples of green onions and <0.05 ppm inion 2 samples of dry bulb onions (Table C.3). The 
average residues were 0.259 ppm for green onions and <0.05 ppm for dry bulb onions (Table 
C.4). No residue decline data was provided. 

No phytotoxicity was noted on the treated onion crops. Common cultural practices were used to 
maintain plants, and the weather conditions and maintenance chemicals and fertilizer used in this 
study did not have a notable impact on the residue data. 

TABLE C.l. Summary of Method Validation and Concurrent Recoveries of En doth all from Green and 
Bulb Onion. 

Matrix Spike Level Sample Size Recoveries Mean± Std. Dev. 
(ppm) (") (%) (%) 

Method Validation 
0.05 3 77, 92, 92 87 ±9 

Bulb onion 
0.5 3 85, 76, 79 80±5 

5.0 3 88, 82, 77 82 ± 6 
Total 9 77-92 83±6 

DP# 3563 I5/MRID No. 47520702 Page 7 of9 

1 Q4fOV 



Endothall/038901/Interregional Research Project No.4 
DACO 6.4, 7.4, 7.8/0PPTS 860.1400/0ECD IIIA 8.4.3 and IliA 8.3 
Water Fish and Irriga!ed Crops Irrigated Bulb Vegetables ' ' -

TABLE C.l. Summary of Method Validation and Concurrent Recoveries ofEndothall from Green and 
Bulb Onion. 

Matrix Spike Level Sample Size Recoveries Mean± Std. Dev. 
(ppm) (n) (%) (%) 

Concurrent Recoveries 

0.05 l 72 72 
Green onion 0.5 l 78 78 

Total 2 72-78 75 ±4 

0.05 l 85 85 
Bulb onion 0.5 l 95 95 

Total 2 85-95 90±7 
Standard dev1at1ons are calculated for data sets havmg 2:3 values. 

TABLE C.2. Summary of Storage Conditions. 

Matrix Storage Temperature Actual Storage Duration Interval of Demonstrated 
("C) (days) 1 Storage Stability (days) 2 

Green onion 
~-18 

143 465 
Bulb onion 63 

Interval from harvest to extractiOn for analysiS. Extracts were stored up to I day pnor to analys1s. 
2 Endothall is stable in frozen lettuce and sugar beet roots for up to 467 days (47520719.der under review). 

TABLEC.3. Residue Data from Onion Field Trials with Endothall (SC/L). 

Trial ID Zooe Crop; Variety Matrix 
Total Rate 1 PHI Residues (ppm) 2

•3 
(City, State; Year) lb ae!A (days) ppm 

East Bernard, TX Green Onion; 
Whole plant 

2007 6 Evergreen Hardy 
without roots 

5.0 6.75 0 0.284 0.234 
TX$07 White 

Arroyo Grande, CA Dry Bulb Onion; 
2007 JO Onion Yellow Dry Bulb 5.0 6.76 0 (0.023) (0.023) 
CA$18 Granex Fl 

The rate 1S expressed both m terms oftbc concentratiOn m the HT1gat1on water (ppm) and the total amount (Jb ac/A) applied. 
Expressed in acid equivalents. The LOQ is 0.05 ppm and the LOD is 0.0001 ppm. Values in parenthesis are >LDD and 
<LOQ. 

3 The two results for each field trial represent two samples taken from a single plot, not two plots. 

TABLEC.4. Summary of Residue Data from Onion Field Trials with Endothall (SC/L). FIX 

Total Applic. PHI 
Residue Levels (ppm) 2 

Commodity Rate 1 (days) Min. Max. HAFT 3 Median Mean 
Std. Dev. n (STMdR) (STMR) 

Green Onion 
5.0 ppm 

0 l 0.259 0.259 0.259 0.259 0.259 NA (6.75) 

Dry Bulb 5.0 
0 l <0.05 <0.05 <0.05 <0.05 <0.05 NA 

onion (6.76) 

lbe value m parentheses IS the total apphcatwn rate m tenns of lb ae/A. 
2 Residues arc expressed in terms of the free acid. The LOQ is 0.05 ppm. The LOQ was used for all values reported ::;LOQ. 
3 HAFT= Highest Average Field Trial. 
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D. CONCLUSION 

The available field trial data are adequate and support the use of endothall-treated water for 
irrigation of onions. The data support the use of endothall in irrigation water at a concentration 
of 5 ppm (ae), with no more that six applicattons per season, and a minimum7-day interval 
between applications to the water. Results are taken at a 0-day PHI. 

E. REFERENCES 

None 

F. DOCUMENT TRACKING 

RDI: D. Soderberg (5 June 2009); William Donovan (5 June 2009) 
Petition Nwnber: 8E7419 
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Primary Evaluator 

Approved by 

This DER was originally prepared under contract by Dynamac Corporation ( 191 0 Sedwick Road, 
Building I 00, Suite B, Durham, NC 27713; submitted 3/25/2009). The DER has been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

47520703. Arsenovic, M. (2008) Endothall (Hydrotholl91 and Aquatho! K): Magnitude of the 
Residue on Vegetable, Leafy, except Brassica Group: Lab Project Number: Z9757. Unpublished 
study prepared by Interregional Research Project No.4. 289 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No.4 (IR-4) submitted field trial data reflecting the exposure of 
leaf and head lettuce to endothall through the use of treated irrigation water. Two leaflettuce 
field trials and two head lettuce field trials were conducted in Zones 1 and 10 during 2006-2007. 
Side-by-side tests were conducted in each field trial using irrigation water treated with either the 
monoalkylamine salt of endothall (2 lb ae/gal SC/L) at a concentration of 5 ppm ae, or the 
dipotassium salt of endothall (3.0 lb ae/gal SC/L) at a concentration of3.5 ppm ae. [In order to 
avoid the complications of different molecular weights for the different salts, endothall 
concentrations are expressed as the free acid (ae).] The treated water was applied in each test 
during vegetative development as six broadcast foliar applications using overhead sprinklers, at 
retreatment intervals (RTis) of 6-8 days. A volume equivalent to~ 1 acre inch of water ( ~27,000 
gal/A) was applied for each application. Based on the endothall concentration and the amount of 
water applied, the application rates for the monoalkylamine salt of endothall were equivalent to 
1.12-1.20 lb ae/ A/application, for a total of 6.73-7.17 lb ae/A/season. The application rates for 
the dipotassium salt were equivalent to 0. 78-0.84 lb ae/Napplication, for a total of 4.67-5.07 lb 
ae/A/season. 

Single control and duplicate treated samples of leaf lettuce and head lettuce (with wrapper 
leaves) were harvested from the respective tests on the day of the final application (0 days after 
treatment, DA T), and samples were stored at <-l8°C for up to 92 days prior to analysis. 
Adequate storage stability data are available to support the duration and conditions of sample 
storage. 

Residues of endothall (free acid) inion lettuce were determined using an adequate LCIMS/MS 
method (Method No. KP-242Rl). For this method, residues were extracted with water and then 
derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H3P04. The derivatized residues 
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were cleaned up by partitioning into methyl t-butyl ether (MTBE) and elution through an amine 
solid phase extraction (SPE) cartridge. Residues were then analyzed by LC/MS/MS using 
external standards for quantitation. Residues are expressed in endothall acid equivalents. The 
validated limit of quantitation (LOQ) for endothall inion lettuce is 0.05 ppm. 

Following six overhead sprinkler applications with irrigation water containing the 
mono alkylamine salt of endothall at 5 ppm ae (6.73-7.17 lb ae/Nseason), endothall residues at 0 
DA T were 0.410-1.24 ppm ae inion 4 samples of leaf lettuce and 0.081-0.604 ppm ae inion 4 
samples of head lettuce. Average endothall residues were 0.714 ppm ae for leaf lettuce and 
0.317 ppm ae for head lettuce. The highest average field trial (HAFT) residues in/on leaf and 
head lettuce were 0.992 and 0.548 ppm ae, respectively. 

Following six overhead sprinkler applications with irrigation water containing the dipotassium 
salt of endothall at 3.5 ppm ae (4.67~5.07 lb ae/Nseason), endothall residues at 0 DAT were 
0.241-1.01 ppm inion 4 samples ofleaflettuce and <0.05-0.582 ppm inion 4 samples of head 
lettuce. Average endothall residues were 0.523 ppm inion leaf lettuce and 0.288 ppm in/on head 
lettuce, and HAFT residues in/on leaf and head lettuce were 0.798 and 0.509 ppm, respectively. 

Although average endothall residues were lower (0.7~0.9x) for the dipotassium salt than the 
monoalkylamine salt, direct comparison of the two formulations is not possible as the two 
formulations were applied at different rates. The monoalkylarnine salt was applied at 5 ppm acid 
equivalents but the dipotassium salt was applied at only 3.5 ppm acid equivalent, 0.7x the rate of 
the monoalky1amine salt. [Note that these two different application rates are each entirely 
consistent with different label directions for the two salts. The two labels specify recipes that 
lead to application of the dipotasium salt at 5 ppm as the salt, and application of the alkylamine 
salt as 5 ppm as the free acid.] 

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS: 

Under the conditions and parameters used in the study, the field trial residue data for the 
monoalkylamine salt of endothall are scientifically acceptable. However, the field trial data for 
the dipotassium salt were not adequate for comparison with the monoalkylamine salt because the 
dipotassium was applied at 0.7x the rate of the monoalkylamine salt. Although few trials were 
performed for each crop, the results of these trials are expected to be conservative. The 
acceptability of this study for regulatory purposes is addressed in the forthcoming U.S. EPA 
Residue Chemistry Swumary Document, DP# 356315. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUND INFORMATION 
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Endothall [7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide, 
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class. 
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding 
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed 
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops. 
Permanent tolerances are established for the combined residues of endothall and its monomethyl 
ester at 0.1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm in/on rice 
grain and straw [40 CFR § 180.293(a)(l )]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419), 
IR-4 has submitted field trial data reflecting irrigation of leaf and head lettuce with endothall
treated water. The chemical structure and nomenclature of endothall and its salts are listed in 
Table A.l. The physicochemical properties of technical grade endothall and its salts are listed in 
Table A.2. 

Table A. I. Structure and Nomenclature of Endothall and its Salts. 
Chemical Structure 0 

( OH 

OH 

0 
Common name Endothall 
Molecular Formula CsH 0 
Molecular Wei ht 186.16 
IUPAC name 7-oxabicyclof2.2.1 he tane-2,3-dicarbox lie acid 
CAS name 7-oxabicyclo 2.2.1Jheptane-2,3-dicarboxylic acid 
CAS# !45-73-3 
PC Code 038901 
Curr~nl Food/Feed Sile Re istration Cotton, hops, potato, alfalfa rown for seed 
Chemical Structure 0 

- ' 0 K 
0 - ' 0 K 

0 
Common name Endo!hall, dipotassium salt 
Molecular Formula C&H8K20s 
Molecular Wei ht 262.33 
IUPAC name Not available 
CAS name Not available 
CAS# 2164-07-0 
PC Code 038904 
Current Food/Feed Site Re istration Cotton, ho s, olato, alfalfa rown for seed, a uatic uses 
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Table A.2. Physicochemical Properties ofEndothall and Salts. 
Parameter Value Reference 
Dissociation constant, pK, 4.16 for Step I and 6.14 for Step 2 at 20"c in D304027, 6110/2004, D. Soderberg 

water; dissociation complete at 5 mins (13.6 x 101 

mh~)-

Octanol/water partition coefficient Kow <0.02 and <0.3 at concentrations of9 x 10· D210814, 8/9/95, S. Knizner 
M and 9 x 104 M, respectively, at 25"c 

UV/visible absorption spectrum Not available 
Endothall, mono-N,N-dimethylalkyl amine salt 
Boilin oint Not available 
pH 5.2 at 25't: (I% solution) DI87593, 0187590, and Dl87588, 

515193, K. Dockter 
Density, bulk density, or specific 1.028 glmL at 25"c DI87593, 0187590, and D187588, 
gravity 5!5193, K. Dockter 
Water solubility at 25't ?:49.2 g!IOOmL in water, pH 5 D210814, 8/9/95, S. Knizner 

?:51.~ ~:00 mL in wruer, pi! 7 
>49.8 100 mL in water, PH 9 

Solvent solubility at 25't ?:1 02.5 gi!OOmL in acetonitrile D210814, 8/9/95, S. Knimer 
?:95.4 g!IOO mL in n-octanol 
>104.3-g/100 mL in tetrahydrofuran 

Vapor pressure 2.09 x 1 o-$ m~:f at 2~~ (calculated; mixed D206344, 9/22/94, F. Toghrol 
mono- and dial !amine C8-C20)) 

Dissociation constant, pK, 4.24 for Step I and 6.07 for Step 2 at 20't for 0!98885, 4!7/94, F. Toghrol 
mixed mono- and dialkylamine (C8-C20) in 
acidified ethanol/water; dissociation complete 
017 minutes ( 1. 7 x 1 OJ !-!mho) at 25't 

Octanollwater partition coefficient Knw 2.097 at concentrations of8.9 x to· M and D209995, 1/20/95, L. Edwards 
8.9x10"4 M,at25't 

UV/visible absorption spectrum Not available 

B. EXPERIMENTAL DESIGN 

B.l. Study Site Information 

Two leaf lettuce field trials and two head lettuce field trials were conducted in Zones 1 and 10 

during 2006-2007 (Table B.l.l). Side-by-side tests were conducted in each field trial using 
irrigation water treated with either the monoalkylaminc salt of endothall (2.0 lb ae/gal SC/L) at a 
concentration of 5 ppm, acid equivalent, or the dipotassium salt of endothall (3.0 lb ae/gal SC/L) 
at a concentration of 3.5 ppm, acid equivalent. HED notes that although the dipotassium salt was 

applied at a concentration of -5 ppm ai, this rate is equivalent to a concentration of 3.5 ppm, acid 
equivalent. The treated water was applied in each test during vegetative development as six 
broadcast foliar applications using overhead sprinklers, at RTis of6-8 days. A volume 
equivalent to -1 acre inch of water (-27,000 gal/A) was applied for each application. Based on 

the concentration of the endothall and the amount of water applied, the application rates for the 
monoalkylamine salt of endothall were equivalent to 1.12-1.20 lb ae/A/application, for a total of 

6.73-7.17 lb ae/ A/season (Table B.l.3). The application rates for the dipotassium salt were 
equivalent to 0. 78-0.84lb ae/ A/application, for a total of 4.67-5.07 lb ae/A/season. These rates 

are expected to be conservative relative to actual treatment conditions. 

DP# 356315/MRlD 1\o. 47520703 Page5ofll ·oJ 
1111 



Endothall/038901/lnterregional Research Project No.4 
DACO 6.4, 7.4, 7.8/0PPTS 860.1400/0ECD IliA 8.4.3 and IliA 8.3 
Water Fish and Irrigated Crops~ Irrigated Lettuce 

' ' -

TABLE B.l.l. Trial Site Conditions. 

Soil characteristics 1 

Trialldentification (City, State; Year) 
Type %OM pH CEC {meqJlOOg) 

Arroyo Grande, CA 2006 Sandy Loam L9 5-7 12.6 
CA$04 

Arroyo Grande, CA 2006 Sandy Loam L9 D 12.6 
CA$05 

North Rose, NY 2007 Loamy Sand 3.02 6-1 5.17 
NY$28 

Lyons, NY 2007 Sandy Loam 2.7 5.9 6.7 
NY$31 

' These parameters are optiOnal except m cases where the1r value affects the use pattern for the chemtca\. 

TABLE B.l.2. Water Characterization. 

Study site 
Water characleristics 

Type Hardnt:ssiSalinity pH Turbidity Dissolved OM 

Arroyo Grande, CA 2006 Well NR NR NR NR 
CA$04 

Arroyo Grande, CA 2006 Well NR NR NR NR 
CA$05 

North Rose, NY 2007 Well NR NR NR NR 
NY$28 

Lyons, NY 2007 Pond Water NR NR NR NR 
NY$31 

NR- not reported. 

The actual temperature recordings and rainfall were typical for each site and no unusual weather 
conditions were reported. Aside from the treated~irrigations, no other irrigation was reported 
during the study period. The tests were conducted according to normal agricultural practices for 
the regions, and information was provided on maintenance pesticides and fertilizers used at each 
site. No information was provided on the characteristics of the water used for irrigation, other 
than the source (Table B.I.2). 
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TABLE B.1.3. Study Use Pattern. 

Location End-Use 
Application Information 

(City, State; Year) 
Product 1 

Method; Timing Concen. Volume Single Rate RTI' Total Rate 
Triai!D (ppm)~ (gall A) (lb ae/A) (days) (lb ae/A) 

Leaf Lettuce 

Arroyo Grande, CA 
2.0 lb/gal 

Six overhead sprinkler 
2006 sc applications during 5.0 1.13 7 6.76 
CA$04 vegetative development 

27,149 
Six overhead sprinkler 3.0 lb/gal 

sc applications during 3.5 0.80 7 4.81 
vegetative development 

North Rose, NY 2.0 lb/gal 
Six overhead sprinkler 

2007 sc applications during 5.0 1.12 7 6.73 
NY$28 vegetative development 

26,544 
Six overhead sprinkler 

3.0 lb/gal 
applications during 3.5 0.78 7 4.67 sc vegetative development 

Head Lettuce 

Arroyo Grande, CA 2.0 lb/gal 
Six overhead sprinkler 

2006 sc applications during 5.0 1.13 6-8 6.76 
CA$05 vegetative development 

27,149 

3.0 lb/gal Six overhead sprinkler 
applications during 3.5 0.80 6-8 4.81 sc vegetative development 

Lyons, NY 2007 2.0 Jb/gal Six overhead sprinkler 
NY$31 sc applications during 5.0 1.20 6-8 7.17 

vegetative development 
27, t91 

3.0 lb/gal 
Six overhead sprinkler 

sc applications during 3.5 0.84 6-8 5.07 
vegetative development 

The two formulauons used are expressed tn lb actd equ\Valen!lgal. The monoalkylamme salt ts a 2.0 lb ae/gal SCIL and the 
dipotassium salt is a 3.0 lb aelgal SCJL. When applied according to the label directions, the maximum concentration for 
endothall (free acid) is 5 ppm for the monoalkylamine salt and 3.5 ppm for the dipotassium salt. 

~ The concentralion of en dot hall (in acid equivalents) in the irrigation water. No adjuvants were included in the irrigation water. 
3 Th~ target irrigation rate was I acre inch of water or 27,154 gal/A. 
4 The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae), the application 

volume and plot size. 
4 RTI = Retreatment Interval. 
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TABLE B,1.4. Trial Numbers and Geographical Locations. 

NAFTA Growing Zone~ Head Lettuce 

Submitted Requested 1 Submitted 

Canada U.S. 

I I -- I I 

2 -- -- I --
] -- -- I --
4 -- -- -- --
5 -- -- -- --
6 -- -- -- --
7 -- -- -- --
8 -- -- -- --
9 -- -- -- --
10 I -- 6 I 

II -- -- -- --
I2 -- -- -- --
IJ -- -- -- --
Total 2 -- 8 [6f 2 

Based on EPA OPPTS Gmdelme 860.1500. 
2 The number in brackets indicates a 25"/o reduction required to support a crop group tolerance. 
3 Zones 1 A, SA and B, 7A and 14-21 were excluded as the proposed use is for the U.S. 

B.2. Sample Handling and Preparation 

Leaf Lettuce 

Requested 1 

Canada U.S. 

-- I 

-- I 

-- I 

-- --
-- --
-- --
-- --
-- --
-- --
-- 6 

-- --
-- --
-- --
-- 8 [6f 

Samples of leaf lettuce and head lettuce (with wrapper leaves) were harvested at 0 DAT. 
Duplicate control and treated samples (?:2.5lbs, 12 plants) were collected from each test site and 
placed in frozen storage at the test facility within 1.5 hours. Samples were stored frozen at the 
field sites for 4-46 days. Samples were then shipped by ACDS freezer truck to the analytical 
laboratory, United Phosphorus, Inc. (King of Prussia, PA), and stored at :S-18EC until analysis. 

B.3. Analytical Methodology 

Residues of endothall (free acid) in! on lettuce were determined using a LC/MS/MS method 
(Method No. KP-242Rl) entitled "Analytical Method for Determination ofEndothall in Crops", 
issued 5/4/2007. 

For this method, residues were extracted twice by homogenization with water followed by 
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3P04 at 100-
1200C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE, 
evaporated to dryness, and reconstituted in hexane:MTBE (1: 1 v:v). Residues were then cleaned 
using an amine SPE cartridge eluted with methanol:MTBE (1 :4). Residues were analyzed by 
LC/MS/MS using external standards. The m/z 397-166 ion transition was used for quantifying 
residues. Residues are expressed in endothall acid equivalents. The validated LOQ for endothall 
inion lettuce is 0.05 ppm, and the LOD was not reported. 
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The above method was validated prior to and in conjunction with the analysis of the field trial 
samples. Control samples oflettuce were fortified with endothall at 0.05~5.0 ppm for method 
validation, and control samples were fortified with endothall at 0.05-2.0 ppm for concurrent 
recoveries. 

C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for determining residues of endothall inion lettuce was adequately 
validated prior to and in conjunction with the analysis of field trial samples. 1be average method 
validation recoveries (±S.D.) were 90 ± 12% and the average concurrent recoveries (±S.D) were 
80 ± 9% for lettuce. Apparent residues of endothall were <LOQ inion control samples of lettuce. 
Adequate sample calculations and example chromatograms were provided, and the fortification 
levels used for the method recoveries were similar in magnitude to the measured residue levels. 

Lettuce samples were stored at <-18°C for up to 92 days prior to analysis (Table C.2). Adequate 
storage stability data are available indicating that endothall is stable in frozen lettuce for up to 
465 days (47520719.der, under review). These data will support the storage durations and 
conditions for the current field trials. 

Following six overhead sprinkler applications with irrigation water containing the 
monoalkylamine salt of endothall at 5 ppm, acid equivalents (6. 73-7.17 lb ae/Afseason), 
endothall residues at 0 DAT were 0.410-1.24 ppm inion 4 samples ofleaflettuce and 0.081~ 
0.604 ppm in/on 4 samples of head lettuce (Table C.3). Average endothall residues were 0.714 
ppm for leaf lettuce and 0.317 ppm for head lettuce (Table C.4). The HAFT residues inion leaf 
and head lettuce were 0.992 and 0.548 ppm, respectively. 

Following six overhead sprinkler applications with irrigation water containing the dipotassium 
salt of endothall at 3.5 ppm, acid equivalents ( 4.67-5.07 lb ae/A/season), endothall residues at 0 
DAT were 0.241-1.01 ppm inion 4 samples of leaf lettuce and <0.05·0.582 ppm inion 4 samples 
ofhead lettuce. Average endothall residues were 0.523 ppm inion leaf lettuce and 0.288 ppm 
inion head lettuce, and HAFT residues inion leaf and head lettuce were 0.798 and 0.509 ppm, 
respectively. 

Although average endothall residues were lower (0.7-0.9x) for the dipotassium salt than the 
monoalkylamine salt, direct comparison of the two formulations is not possible as the two 
formulations were applied at different rates. The monoalkylamine salt was applied at 5 ppm ae, 
whereas the dipotassium salt was applied at 5.0 ppm, as the salt, which is 3.5 ppm ae, that is, the 
dipotassium salt is applied at 0.7x the rate of the monoalkylamine salt. [Note that these two 
different application rates are each entirely consistent with different label directions for the two 
salts. The two labels specify recipes that lead to application of the dipotasium salt at 5 ppm as 
the salt, and application of the alkylamine salt as 5 ppm as the free acid.] 

Common cultural practices were used to maintain plants, and the weather conditions and 
maintenance chemicals and fertilizer used in this study were not likely to have a noticeable 
impact on the residue data. No phytotoxicity of the treated lettuce was reported. 
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TABLE C. I. Summary of Method Validation and Co-ncurrent Recoveries ofEndothall from Lettuce 

Matrix Spike Level Sample Size Recoveries 
(ppm) (") (%) 

Method Validation 

0.05 3 109,96,83 

Lettuce 
0.5 3 80, 73, 80 

5.0 3 100, 102,87 

T01al 9 73-109 

Concurrent Recoveries 

0.05 4 71, 73, 91,76 

0.25 I 80 

Lettuce 
0.5 I 73 

1.0 I 92 

2.0 I 87 

Total 8 71-92 
Standard devmtwns were calculated only for datascts havmg ;:>:3 values. 

TABLEC.2. Summary of Storage Conditions. 

Matrix Storage Temperature Actual Storage Duration 
("C) (days)1 

Leaflettuee 
:5-18 

91-92 

Head lettuce 34-85 
Interval from harvest 10 extracnon for analysiS. Extracts were stored up to 4 days pnor 10 analys1s. 

2 Endothall is stable in frozen lettuce for up 10 465 days (475207l9.der under review). 

Mean:±: Std. Dev. 1 

(%) 

96± l3 

78± 4 

96± 8 

90 ± 12 

78± 9 

80 

73 

92 

87 

80± 9 

Interval of Demonstrated 
Storage Stability 

(days)2 

465 

TABLE C.3. Residue Data from Lettuce Field Trials with Endothall Salts (SC/L). 

Trial ID Zone Crop; Variety Matrix I Total Rate 1 Pl-11 
Residues (ppm) 2

•
3 

(City, State; Year) I I lb ae/A (days) ppm 

Leaf Lettuce 

Arroyo Grande, CA 2006 
10 

Leaf lettuce; 
Leaves 

5.0 6.76 0 0.743 1.240 
CA$04 Grcenslar 3.5 4.81 0 0.582 1.013 

North Rose, NY 2007 
I 

Leaf Lettuce; Leaves 
5.0 6.73 0 0.462 0.410 

NY$28 Green salad bowl 3.5 4.67 0 0.255 0.241 

Head Lettuce 

Arroyo Grande, CA 2006 Head Lettuce; Heads, 5.0 6.76 0 0.092 0.081 
CA$05 10 w/wrapper 

Sr~aipcr 
leaves 3.5 4.81 0 <0.05 0.082 

Lyons, NY 2007 Head LeUuee; Heads, 5.0 7.17 0 0.604 0.491 
NY$31 I w/wrapper Ithaca MTO 

leaves 3.5 5.07 0 0.582 0.436 

The rate IS expressed both m tenns of the coneentmnon m the ungauon water (ppm) and the 10tal amount (lb ae/A) applied. 
The application concentrations were 5 ppm ae for the monoalkylaminc sal! and 3.5 ppm ae for th.e dipotassium salt. 

2 Expressed in endothall acid equivalents. The LOQ is 0.05 ppm. 
3· The two results for each trial are from two samples taken from a single plot, n01 from two separate plots. 
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TABLE C.4. Summary of Residue Data from Lettuce Field Trials with Endotha!I Salts (SC/L). 

Commodity 
Total PHI Residue Levels (ppm) 2 

Formulation 
ty Applic. (d'Y') J Median Mean 

po R•to ' N Ml• M•· HAFT ... ....... (STMdR) (STh1R) Std. Dev. 

Monoalkylam 5 ppm 
inc salt 0 2 0.436 .99\5 0.9915 0.714 0.714 0.393 

Leaf lettuce I-:::+(S:.:C:'/L:'!);,-+l-:6 ·-:73,..-_6 ·_7,6)+--:-lf-,-f---+----+---j---,+---,---l---~ 
~~~,"c"'s.c"~11L·um).· ·.~:s;p~ni":.: · 6 :2 Q.248 0.7975 0,7975 0523 .. : ··a· 52:3,· = ' (4.67-4.81) '•. . ',.' •• , ;_ '' . 0.363 

Monoalkylam 5 ppm 
inc salt 0 2 0.0865 0.5475 0.5475 0.292 0.317 0.270 

Head lettuce /-;c:"(S~C':/LC')-;::-+(-:6 ·:":760:·:":?.::!7~)+--,f---j--,---t-T:--\----!---,-,-+--,----J--,---,--1 
DipotasSium· 3·5 ppm o . ·2 ·.0.06_6 O~s09 o 509 0.28_·:,·s.· ·._'0.28_75 ·'o.3I32 
,.[t (SCIL) (4.8I-5.07) . ::. 

The conecntrat~ans arc expressed m ae1d equivalents, and the values m parentheses are the total appl1cat10n rate m terms of 
lb ae/A 
2 Residues are expressed in tenns of the free acid. The LOQ is 0.05 ppm. 
3 HAFT= Highest Average Field Trial. 

D. CONCLUSION 

The available field trial data are adequate and support the use of endothall-treated water for 
inigation of lettuce. The data support the use of the mono alkylamine salt of endothall in 
irrigation water at a concentration of 5 ppm ae and the use of the dipotassium salt of endothall in 
irrigation water at a concentration of 3.5 ppm ae. No more that six applications of treated water 
should be made per season, with a minimum 7~day interval between applications to water. 
Results are determined at a O~day PHI. 

E. REFERENCES 

None 

F. DOCUMENT TRACKING 

RDI: David Soderberg (5 June 2009); William Donovan (5 June 2009) 
Petition Number: 8E74 I 9 
DP#: 356315 
PC Code: 038901, 038904, and 038905 

Template Version June 2005 
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Primary Evaluator 

Approved by 

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road, 
Building 100, Suite B, Durham, NC 27713; submitted 3/25/2009). The DER has been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

4 7520704. Arsenovic, M. (2008) Endotha!l (Hydrothol191): Magnitude of the Residue on 
Vegetable, Brassica Leafy: Lab Project Number: Z9764. Unpublished study prepared by 
Interregional Research Project No. 4. 149 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No.4 (IR-4) submitted field trial data reflecting the exposure of 
cabbage to endothall through the use of treated irrigation water. In two cabbage field trials 
conducted during 2006 in Zone 1, a 2.0 lb ae/gal soluble concentrate (SC/L) formulation of 
endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm, acid 
equivalent (ae). [In order to avoid the complications of different molecular weights for the 
different salts, endothall concentrations are expressed as the free acid equivalents (ae).] The 
treated water was applied during vegetative development as six broadcast foliar applications 
using overhead sprinklers, at retreatment intervals (RTis) of 6~9 days. Volwnes approximating 
~1 acre inch of water (27,154 gal/A) were applied for each application. Based on the 
concentration of the endothall and the actual amount of water applied, the application rates for 
endothall were equivalent to 0.94 or 1.17 lb ae/ A/application, for a total of 5.64 or 7.00 lb 
ae/ A/season. 

Single control and duplicate treated samples of cabbages (with wrapper leaves) were harvested 
from each test on the day of the final application (0 days after treatment, DAT), and samples 
were stored at <~l8°C for up to 118 days prior to analysis. Adequate storage stability data are 
available to support the duration and conditions of sample storage. 

Residues of endothall (free acid) inion cabbages were determined using an adequate LC/MS/MS 
method (Method No. KP~242Rl). For this method, residues were extracted with water and then 
derivatized with heptafluoro~p~tolylhydrazine (HFTH) in 50% H3P04• The derivatized residues 
were cleaned up by partitioning into methyl t~butyl ether (MTBE) and elution through an amine 
solid phase extraction (SPE) cartridge. Residues were then analyzed by LC/MS/MS using 
external standards for quantitation. Residues are expressed in endothall acid equivalents. The 
validated limit of quantitation (LOQ) for endothall inion cabbage is 0.05 ppm. 
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Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm 
(5.64-7.00 lb ae/ A/season), endothall residues at 0 DA T were <0.05-0.075 ppm inion 4 samples 
of cabbage. The average residues were 0.062 ppm ae and the highest average field trial (HAFT) 
residues were 0.063 ppm ae. No residue decline data were provided. 

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS: 

Under the conditions and parameters used in the study, the cabbage field trial residue data are 
scientifically acceptable. Although only two field trials were performed, the results are expected 
to be conservative relative to actual inadvertent applications. The acceptability of this study for 
regulatory purposes is addressed in the forthcoming U.S. EPA Residue Chemistry Summary 
Document, DP# 356315. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUND INFORMATION 

Endothall [7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide, 
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class. 
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding 
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed 
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops. 
Pennanent tolerances are established for the combined residues of endothall and its monomethyl 
ester at 0. 1 ppm inion cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm in/on rice 
grain and straw [40 CFR §180.293(a)(I)]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419), 
IR-4 has submitted fleld trial data reflecting irrigation of cabbages with endothall-treated water. 
The chemical structure and nomenclature of endothall and its monoalkylamine salt are listed in 
Table A.l. The physicochemical properties of technical grade endothall and its monoalkylamine 
salt are listed in Table A.2. 
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Table A.1. Endothall and Salts Nomenclature 
Chemical Structure 0 

( OH 

OH 

0 

Common name Endothall 
Molecular Formula CsH100 
Molecular Weight 186.16 
IUPAC name 7-oxabic clo 2.2.1 he tane-2,3-dicarboxylic acid 
CAS name 7-oxabi clo 2.2.1 he tane-2,3-dicarbox lie acid 
CAS# 145-73-3 
PC Code 038901 
Current Food/Feed Sile Cotton, hops, potato, alfalfa grown for seed 
Registration 
Chemical Structure 0 

c - H,C 
0 \ ' 

N-CH2(n)CH
3 OH I 

H,C 

0 (n=7-17) 

Common name Endothall, mono-N,N-dimethylalk I amine salt 
Molecular Formula Not available 
Molecular We:ight Average: 422 
lUPAC name 7-oxabic clo 2.2.1 he tane-2,3-dicarbox lie acid, com ound with N,N-dimeth lcocoamine 
CAS name Not available 
CAS# 66330-88-9 
PC Code 038905 
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed, aquatic uses 
Registration 

Table A.2. Phvsicochemical Properties ofEndothal! and Salts 
Parameter jValue Reference 

Endothall (acid) 
Melting point 108-110t Di87593, Dl87590, and Dl87588, 

515193, K. Dockter 
pH 2. 7 at 25't (I% solution) D187593, DI87590, and Dl87588, 

5/5/93, K. Dockter 
Density, bulk density, or specific 0.481 g/cmJ (bulk) at25 't D187593, D187590, and Di87588, 

I gravity 515193, K. Dockter 
Water solubility at25't 109.8 giL D166798, 7/2192, K. Dockter 

13.1 g/100 mL in water, pH 5 D207011, 9/30194, F. Toghrol 
12.7 g/100 mL in water, pH 7 
12.5 R;wo mL in water, pH 9 

Solvent solubility at25"c 3.4 g/1 00 mL in acetonitrile D207011, 9130194, F. Toghrol 
2.4 g/100 mL in n-octanol 
16.0 g/100 mL in tetrahvdrofuran 

Vapor pressure 3.92 x 10'5 mm Hg at 24.3't D166798, 712192, K. Dockter 
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5.2 at 25 (1% solution) 

1.028 gfmL at 

I i. 

pressure 

; ' 

B. EXPERIMENTAL DESIGN 

B.l. Study Site Information 

Two cabbage field trials were conducted in Zone I during 2007 (Table B.l.l ). The irrigation 
water used in each test was treated with endothall (2.0 lb ae/gal SC monoalkylamine salt) at a 
concentration of -5 ppm, acid equivalent. The treated water was then applied to the cabbages 
during vegetative development as six broadcast foliar applications using overhead sprinklers, at 
RTis of7-8 days. A volume equivalent to ~I acre inch of water (22,700-28,000 gallA) was 
applied for each application. Based on the concentration of the endothall and the actual amount 
of water applied, application rates for endothall were equivalent to 0.94 or 1.17lb 
ae/A/application, for a total of5.64 or 7.00 lb ae/A/season (Table B.l.3). These rates are 
expected to be conservative relative to actual applications. 
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TABLE B.l.l. Trial Site Conditions. 

Trial Identification (City, State; Year) Soil characteristics1 

Typo %OM pH CEC (meq/1 OOg) 

North Rose, NY 2006 Silt Loam 4.7 5.8 8.2 
NY$23 

Baptistown, NJ 2006 Lo,m 2.3 6.7 9.1 NJ$08 
These parameters are opttonal except m cases where the1r value affects the use pattern for the chemtcal. 

TABLE B.l.2. Water Characterization. 

Study site Water characteristics 

Typo Hardness/Salinity pH Turbidity Dissolved OM 

North Rose, NY 2006 Well NR NR NR NR NY$23 

Baptistown, NJ 2006 Well NR NR 
i 

NR NR NJS08 

The actual temperature recordings and rainfall were typical for each site and no unusual weather 
conditions were reported. No irrigation was reported during the study period. The tests were 
conducted according to normal agricultural practices for the regions, and infonnation was 
provided on maintenance pesticides and fertilizers used at each site. No information was 
provided on the characteristics of the water used for irrigation, other than the source (Table 
B.l.2). 

TABLE B.1.3. Study Use Pattern. 

Location 
Application Information 

End-Use 
(City, State; Year) 

Product 1 
Method; Timing Concen. Volume Single Rate RTI 5 Total Rate 

TriallD (ppm) 2 (gallA) 1 (lb ae/A) ~ (days) (ib ae/A) ~ 

North Rose, NY 2006 Six broadcast foliar 
NY$23 2.0 lb/gal application during 

SC/L 
vegetative development 4.99 28,032 1.17 7 7,00 
using overhead 
sprinklers. 

Baptistown, NJ 2006 Six broadcast foliar 
NJ$08 2.0 lb!gal application during 

SC/L 
vegetative development 4.96-4.97 22,706 0.94 6-9 5.64 
using overhead 
sprinklers. 

' The cndotha!J formulatiOn was a monoalkylamme salt contammg 2. 0 lb ae/gal. 
2 The concentration of endothall (in acid equivalents) in the irrigation water. No adjuvants were included in the irrigation water. 
1 The target irrigation rate was I acre inch of water or 27,154 gaVA. In the NJ field trial, the application volume was determined 

as inches per acre. 
The equivalent field usc rates were calculated by the reviewer based on the concentration of the endotha!! (ae), the application 
volume and plot size. 

> RTl-= Retreatment IntervaL 
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TABLE B.l.4. Trial Numbers and Geographical Locations. 

NAFTA Cabbage 
Growing 
Zones 

Submitted Requested 1 

Canada 

I 2 .. 
lA .. .. 
2 .. .. 
3 .. .. 
4 .. .. 
5 .. 2 

SA .. .. 
58 .. 2 

6 .. .. 

7 .. .. 

7A .. .. 
8 .. .. 

9 .. .. 

10 .. .. 
II .. .. 
12 .. I 

13 .. .. 
Tolal 2 5 

Based on EPA OPPTS GU!delme 860.1500. 
2 The number in brackets indicates a 25% reduction required to support a crop group Iolerance. 

B.2. Sample Handling and Preparation 

U.S. 

2 
.. 

I 

I 
.. 

I 
.. 
.. 
I 
. . 
.. 
I 
.. 

I 
.. 
.. 

. . 
8 [6}2 

Cabbages ere harvested at 0 DAT (after the sixth application). A single control and duplicate 
treated samples of cabbage head with wrapper leaves (2:4 lbs/sample) were collected from each 
test and placed in frozen storage at each test facility within 1.5 hours. Samples were stored 
frozen at the field sites for 8-29 days. Samples were then shipped by ACDS freezer truck to the 
analytical laboratory, United Phosphorus, Inc. (King of Prussia, PA), and stored at .::;-18EC until 
analysis. 

B.3. Analytical Methodology 

Residues of endothall (free acid) inion cabbages were determined using a LC/MS/MS method 
(Method No. KP-242R1) entitled "Analytical Method for Determination of Endothall in Crops", 
issued 5/4/2007. 

For this method, residues were extracted twice by homogenization with water followed by 
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3P04 at I OO
l200C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE, 
evaporated to dryness, and reconstituted in hexane:MTBE (1: 1 v:v). Residues were then cleaned 
using an amine SPE cartridge eluted with methanol:MTBE (1 :4). Residues were analyzed by 
LC/MS/MS using external standards. The m/z 397-d66 ion transition was used for quantifying 
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residues. Residues are expressed in endothall acid equivalents. The validated LOQ for endothall 
inion cabbage is 0.05 ppm, and the LOD was estimated to be 0.002 ppm. 

The above method was validated prior to and in conjunction with the analysis of the field trial 
samples. Control samples of cabbage were fortified with endothall at 0.05-5.0 ppm for method 
validation, and control samples were fortified with endothall at 0.05 and 1.0 ppm for concurrent 
recoveries. 

C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for determining residues of endothall in/on cabbage was 
adequately validated prior to and in conjunction with the analysis of field trial sampJes. The 
average method validation recoveries (±S.D.) were 93 ± 10% and the average concurrent 
recoveries (±S.D) were 93 ± 6% for cabbage. Apparent residues of endothall were <LOQ inion 
control samples of cabbage. Adequate sample calculations and example chromatograms were 
provided, and the fortification levels used for the method recoveries were similar in magnitude to 
the measured residue levels. 

Cabbage samples were stored at <-l8°C for up to 118 days prior to analysis (Table C.2). 
Adequate storage stability data are available indicating that endothall is stable in frozen lettuce 
for up to 465 days (47520719.der, under review). The stability data for lettuce will support the 
storage durations and conditions for the current field trials. 

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm 
(5.64-7.00 lb ae/A/season), endothall residues at 0 DAT were <0.05-0. 75 ppm inion 4 samples of 
cabbage (Table C.3). The average residues were 0.062 ppm and the HAFT residues were 0.063 
ppm for cabbage (Table C.4). No residue decline data were provided. 

Common cultural practices were used to maintain plants, and the weather conditions and 
maintenance chemicals and fertilizer used in this study were not likely to have had a notable 
impact on the residue data. No phytotoxicity was noted on the treated cabbage crops. 

TABLE C.l. Summary ofMetltod Validation and Concurrent Recoveries ofEndothall from Cabbage. 

Matrix Spike Level Sample Size Recoveries Mean± Std. Dev. 
(ppm) (o) (%) (%) 

Method Validation 

0.05 3 108,81, 105 98± 15 
Cabbage, head 0.5 3 91, 100,90 94±6 
with wrapper 

5.0 3 80,89,90 86 ±6 leaves 
Total 9 80-108 93± 10 

Concurrent Recoveries 

Cabbage, head 0.05 I 97 97 
with wrapper 0.5 I 88 88 
leaves Total 2 88-97 93 ±6 
Standard devJalJOns are calculated for data sets havmg ~3 values. 
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TABLEC.2. Summary of Storage Conditions. 

Matrix Storage Temperature Actual Storage Duration 
(OC) (days) 1 

Cabbage ~18 61-118 
Interval from harvest to extractwn for analysts. Extracts were slored up to l day pnor to analysts. 

2 Endothall is stable in frozen lettuce for up to 465 days ( 47520719.der under review). 

TABLEC.3. Residue Data from Cabbage Field Trials with Endothall (SC/L). 

Trial ID Zone Variely Matrix 
Total Rate 1 PHI 

(City, State; Year) ppm lb ae/A (days) 

North Rose, NY Head with 
2006 I Matsumo wrapper leaves 5.0 7.00 0 
NYS23 

Baptistown, NI Head with 
2006 I Blue Lagoon wrapper leaves 5.0 5.64 0 
NJSOS 

Inlerval ofDemonstratcd 
Storage Stability 

(days)~ 

465 

Residues (ppm) 1•
1 

ND 0.075 

0.065 0.058 

The rate tS expressed both m terms of the eoneentratton m the trngatton water (ppm) and the tolal amount (lb ae/A) apphed. 
Expressed as the free acid. The LOQ is 0.05 ppm and the estimated LOD is 0.002 ppm. 

3. The two residues for each field trial represent two samples from a single plot, not two plots. 

TABLE C.4. Summary of Residue Data from Cabbage Field Trials with Endothall (SC/L). 

Total Appl ie. PHI 
Residue Levels (ppm)~ 

Commodity Rate 1 (days) N Min. Max. HAFT 1 Median Moru> 
(STMdR) (STMR) Sid. Dev. 

Cabbage, head 
5ppm 

with wrapper (5.64-7.00) 0 2 0.0615 0.0625 0.0625 0.062 0.062 0.0007 
leaves 
The value tn parentheses ts the total appltcatton rate m terms oflb ae/A. 

~ Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm. The LOQ was used for all values reported SLOQ. 
1 HAFT= Highest Average Field Trial. 

D. CONCLUSION 

The available field trial data are adequate and support the use of endothall~treated water for 
irrigation of cabbages. The data support the use of endotha!l in irrigation water at a 
concentration of 5 ppm (ae), with no more that six applications per season, and a minimum 7-day 
interval between applications to the water. Residues in onions are at a O~day PHI. 
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This DER was originally prepared under contract by Dynamac Corporation ( 1910 Sedwick Road, 
Building 100, Suite B, Durham, NC 27713; submitted 3/27/2006). The DERhas been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

47520707. Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on 
Vegetable, Cucurbit Group: Lab Project Number: 29755, 29755.07-ALSOI, Unpublished study 
prepared by Interregional Research Project No. 4. 215 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No.4 (IR-4) submitted field trial data reflecting the exposure of 
cucumbers to endothall through the use of treated irrigation water. Two cucumber field trials 
were conducted in Zones 1 and 5 during 2006-2007. In each trial, side-by-side tests were 
conducted using irrigation water treated with either the monoalkylamine salt of endothall (2 lb 
ae/gal SC/L) at a concentration of 5 ppm ae, or the dipotassium salt of endothall (3.0 lb ae/gal 
SC/L) at a concentration of 3.5 ppm ae. [In order to avoid the complications of different 
molecular weights for different salts, endothall concentrations are expressed as the free acid 
equivalents (ae).] The treated water was applied in each test during flowering and fruit 
development as six broadcast foliar applications using overhead sprinklers, at retreatment 
intervals (RTis) of6-8 days. A volume equivalent to ~1 acre inch of water (~27,000 gal/A) was 
applied for each application. Based on the endothall concentration and the amount of water 
applied, the application rate for the monoalkylamine salt of endothall was equivalent to 1.13 lb 
ae/A/application, for a total of6.75-6.77lb ae/A/season. The application rate for the dipotassium 
salt was equivalent to 0.80 lb ae/A/application, for a total of 4.80-4.81 lb ae/A/season. 

Single control and duplicate treated samples of cucumber were harvested from each· test on the 
day of the final application (0 days after treatment, DA T), and samples were stored at .S-1 OOC for 
up to 478 days prior to analysis. Adequate storage stability data are available to support the 
duration and conditions of sample storage. 

Residues ofendothall (free acid) in/on cucumbers were determined using an adequate 
LC/MS/MS method (Method No. KP-242Rl). For this method, residues were extracted with 
water and then derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H3P04. The 
derivatized residues were cleaned up by partitioning into methyl t-butyl ether (MTBE) and 
elution through an amine solid phase extraction (SPE) cartridge. Residues were then analyzed 
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by LC/MS/MS using external standards for quantitation. Residues are expressed in endothall 
acid equivalents. The validated limit of quantitation (LOQ) for endothall inion cucumbers is 
0.05 ppm. 

Endothall residues were 0.234-0.738 ppm in/on 4 cucumber samples harvested at 0 DAT 
following irrigation applications of the monoalkylamine salt of endothall at 5 ppm ae, and were 
0.31 0~0.459 ppm in/on 4 cucumber samples harvested at 0 DAT following six irrigation 
applications of the dipotassium salt of endothall at 3.5 ppm. Average endothall residues inion 
cucumbers were 0.499 and 0.385 ppm for the monoalkylamine and dipotassium salt 
formulations, respectively. The highest average field trial (HAFT) residues were 0.738 and 
0.433 ppm for the monoalkylamine and dipotassium salt formulations, respectively. 

Although average endothall residues were lower (0.8x) for the dipotassium salt than the 
monoalkylamine salt, direct comparison of the two formulations is not possible as the two 
formulations were applied at different rates. The monoalkylamine salt was applied at 5 ppm ae; 
however, the dipotassium salt was applied at only 3.5 ppm acid equivalent, 0.7x the rate of the 
monoalkylamine salt. [Note that these two different application rates are each entirely consistent 
with different label directions for the two salts. The two labels specify recipes that lead to 
application of the dipotasium salt at 5 ppm as the salt, and application of the alkylamine salt as 5 
ppm as the free acid. J 

STUDY/WAIVER ACCEPTABILITYIDEFICIENCIES/CLARIFICA TJONS: 

Under the conditions and parameters used in the study, the cucumber field trial residue data for 
the monoalkylamine salt fonnulation are scientifically acceptable. However, the field trial data 
for the dipotassium salt are not appropriate for direct comparison with the monoalkylamine salt 
because the dipotassium was applied at 0.7x the rate of the monoalkylamine salt. Although 
limited field trials were performed, these applications are expected to be conservative relative to 
actual inadvertent applications. The acceptability ofthis study for regulatory purposes is 
addressed in the forthcoming U.S. EPA Residue Chemistry Summary Document, DP# 356315. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUND INFORMATION 

Endothall [7~oxabicyclo[2,2,1 J heptane~2,3-dicarboxylic acid) is a selective contact herbicide, 
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class. 
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding 
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed 
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only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops. 
Permanent tolerances are established for the combined residues of endothall and its monomethyl 
ester at 0.1 ppm inion cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm inion rice 
grain and straw [40 CFR §180.293(a)(l)]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419), 
IRA has submitted field trial data reflecting irrigation of cucumbers with endothall-treated water. 
The chemical structure and nomenclature of endothall and its salts are listed in Table A.l. The 
physicochemical properties of technical grade endothall and its salts are listed in Table A.2. 

Table A. I. Structure and Nomenclature of Endothaii and its Salts. 
Chemical Structure 0 

c OH 

OH 

0 
Common name Endothall 
Molecular Formula CsH\OOs 
Molecular Wei t 186.16 
IUPAC name 7-oxabicyclo 2.2.1 heptane-2,3-dicarboxylic acid 
CAS name 7-oxabic clo 2.2.llheptane~2,3~dicarboxylic acid 
CAS# 145~73-3 

PC Code 038901 
Current Food/Feed Site Registration Cotton, hops, potato, alfalfa grown for seed 
Chemical Structure 0 

- -0 K 
0 - -0 K 

0 
Common name Endothall, dipotassium salt 
Molecular Formula C H8K O, 
Molecular Wei,ght 262.33 
IUPAC name Not available 
CAS name Not available 
CAS# 2164-07-0 
PC Code 038904 
Current Food/Feed Site Registration Cotton, ho))s, potato, alfalfa grown for seed, aquatic uses 
Chemical Structure 0 

c - H,C 
0 \ . 

N-CH,(n)CH, 
OH I 

H,c 

0 (n~?-17) 

Common name Endothall, mono-N,N-dimethylalkyl amine salt 
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Table A.2. Phvsicocbemical Properties of Endothall and Salts. 
Parameter !Value I Reference 

Endothall (acid) 
Melting point 108-l!O't Dl87593, Dl87590, and Dl87588, 

5!5193, K. Dockter 
pH 2.7 at25't (1% solution) Dl87593, Dl87590, and Dl87588, 

5/5/93, K. Dockter 
Density, bulk density, or specific 0.481 g/cm3 (bulk) at 25 't Dl87593, Dl87590, and Dl87588, 
gravity 5!5!93, K. Dockter 
Water solubility at 25't 109.8 giL DI66798, 7/2/92, K. Dockter 

13.1 g/100 mL in water, pH 5 D2070ll, 9130194, F. Toghrol 
12.7 gllOO mL in water, pH 7 
12.5 "id100 mL in water, oH 9 

Solvent solubility at 25't 3.4 g/100 mL in acetonitrile D207011, 9/30/94, F. Toghrol 
2.4 g/1 00 mL in n-octanol 
l6.o"'" gjioo mL in tetrahydrofuran 

Vapor pressure 3.92 x w·> mm Hg at 24.3"c Dl66798, 7/2/92, K. Dockter 
Dissociation constant, pK, 4.32 for Step l and 6.22 for Step 2 at 20't (0.2% Dl88708, 5/3/93, K. Dockter 

solution in 20% basic ethanol); dissociation rate 
1.8-2.3 x 103 )lmho within 3-5 minutes at 025't, 
by conductivity meter 

Octanol/watcr partition coefficient Not applicable to endothal! acid Dl66798, 712/92, K. Dockter 
UV/visible absorptions cctrum Not available 

Endothall 4_ipotassium salt 
Melting point >360't Dl87593, Dl87590, and 0187588, 

5/5/93, K. Dockter 
pH 9.1 at25't(l%solution) Dl87593, D187590, and Dl87588, 

5!5193, K. Dockter 
Density, bulk density, or specific 0. 766 glcm3 (bulk) at 25't Dl87593, D187590, and Dl87588, 
I gravitY 515193, K. Dockter 
Water solubility >65 100 mL in water, H5, H7,and H9 D214691, 6nt95, D. Hrd 
Solvent solubility <0.001 g/100 mL in acetonitrile, n-octanol, and D214691, 617/95, D. Hrdy 

tetrahvdrofuran 
Vapor pressure Not applicable. An organic acid K salt is Dl78085, 6118/92, S. Funk 

anticipated to have an insignificant vapor pressure. 
Dissociation constant, pK, 4.16 for Step I and 6.14 for Step 2 at 20't in 0304027,6/10/2004, D. Soderberg 

water; dissociation complete at 5 mins (!3.6 x !03 

mhO) 
Octanoltwater partition coefficient Kow <0.02 and <0.3 at concentrations of 9 x I o· D2!0814, 8/9/95, S. Knizner 

M and 9 x w·q M, resoectivclv, at 25't 
UV/visible absor tion s ectrum Not available 

Endothall mono-N N-dimethylalkyl amine salt 
Boi lin_g point Not available 
pH 5.2 at 25"e (I% solution) D187593, D187590, and Dl87588, 

515193, K. Dockter 
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B. EXPERIMENTAL DESIGN 

B.l. Study Site Information 

Two cucumber field trials were conducted in Zones 1 and 5 during the 2006 and 2007 growing 
seasons (Table B.1.1 ). At each site, side-by·side tests were conducted using irrigation water 
treated with either the monoalkylamine salt of endothall (2.0 lb ae/gal SC/L) at a concentration 
of 5 ppm, acid equivalent, or the dipotassium salt of endothall (3.0 lb ae/gal SC/L) at a 
concentrat'ion of3.5 ppm, acid equivalent. HED notes that although the dipotassium salt was 
applied at a concentration of -5 ppm ai, this rate is equivalent to a concentration of 3.5 ppm, acid 
equivalent. The treated water was applied in each test during flowering and fruit development as 
six broadcast foliar applications using overhead sprinklers, at RTis of 6-8 days. A volume 
equivalent to -1 acre inch of water (~27,000 gal/A) was applied for each application. Based on 
the concentration of the endothall and the amount of water applied, the application rates for the 
monoalkylamine salt of endothall were equivalent to 1.13 lb ae/A/application, for a total of 6.75-
6.77 lb ae/A/season (Table B.1 .3). The application rates for the dipotassium salt were equivalent 
to 0.80 lb ae/A/application, for a total of 4.80-4.81 lb ae/A/season. These applications are 
expected to be conservative relative to actual applications. 

TABLE 8.1.1. Trial Site Conditions, 

Trial Identification (City, State; Year) 
Soil characteristics 1 

Type %OM pH CEC(meq/IOOg) 

Baptistown, NJ2006 Loam 2.3 6.7 9.1 
NJ$02 

Conklin, MI 2007 Loam 1.8 6.4 7.6 
Ml$42 

w ' These parameters are opl10nal except tn cases here thetr alue affects the use pattern for the chemtcal. 
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TABLE 8.1.2. Water Characterization. 

Study site 
Water characteristics 

Type Hardness/Salinity pH Turbidity Dissolved OM 

Baptistown, NJ 2006 Well NR NR NR NR 
NJ$02 

Conklin, MI 2007 
Well NR NR NR NR 

MlS42 
NR not reported. 

The actual temperature recordings and rainfall were typical for each site and no unusual weather 
conditions were reported. No additional irrigation was reported during the study period. The 
tests were conducted according to normal agricultural practices for the regions, and information 
was provided on maintenance pesticides and fertilizers used at each site. No information was 
provided on the characteristics of the water used for irrigation, other than the source (Table 
B.1.2). 

TABLE 8.1.3. Study Use Pattern. 

Location End-Use 
Application Information 

(Ci1y, State; Year) 
Product 1 

Method; Timing Concen. z Volume Single Rate 4 RTI s Total Rate 4 

Trial lD (gal! A) 3 (Jb ae/A) (days) (lb ae/A) 

Baptis1own, N I Six overhead sprinkler 
2006 2.0 Jb/gal applications during 

5.0 27,170 I. I 3 6-8 6.75 
NJ$02 sc flowering and fruit 

developmenl 

Six overhead sprinkler 
3.0 lb!gal applica1ions during 

3.5 27,170 0.80 6-8 4.80 sc flowering and fruit 
development 

Conklin, MI 2007 Six overhead sprinkler 
Ml$42 2.0 Jb/gal applications during 

5.0 
27,154-

I. I 3 7 6.n sc flowering and fruit 27,162 
development 

Six overhead sprinkler 
3.0 Jb/gal applications during 

3.5 
27,152-

0.80 7 4.81 sc flowering and fruit 27,163 
development 

" The two formulatiOns used are expressed 1n Jb ac1d eqUJvalentlgal. lhe monoalkylamme salt IS a 2.0 Jb ae/gal SC!L and the 
dipotassium salt is a 3.0 Jb aelgal SC/L. When applied according to the label directions, the maximum eoncentration for 
endothall (free acid) is 5 ppm for the monoalkylamine salt and 3.5 ppm for 1he dipotassium sail. 

~ The concenlration of endothall (in acid equivalents) in the irrigation water. No adjuvants were included in the irrigation water. 
l The target irrigation rate was I acre inch of water or 27,154 gallA. 
4 The equivalent field use rates were calculated by the reviewer based on the concentration of the endo1hall (ae), the application 

volume and plot size. 
s R TJ = Retreatment Interval. 
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TABLE 8.1.4. Trial Numbers and Geographical Locations. 

NAFTA Cucumber 
Growing Submitted Reques!ed1 

Zones3 

Canada 

I I --
2 -- --
3 -- --
4 -- --
5 I --
6 -- --
7 -- --
8 -- --
9 -- --
10 -- --
II -- --
12 -- --
13 -- --
Total 2 --
Based on EPA OPPTS GU!delme 860.1500. 

~ The number in brackets indicates a 25% reduct ion required to support a crop group tolerance. 
3 ones lA, 5 A and 8, 7A and 14-21 were not included as the proposed use is for the U.S. only 

B.2. Sample Handling and Preparation 

u.s. 
--
3 

I 

--
2 

I 

--
--
--
I 

--
--
--

8[6]~ 

Duplicate control and treated samples (2:4lb/sample, 12-24 fruits) of cucumbers were hcuvested 
at 0 DAT (after the sixth application) and placed in frozen storage at the test facility within 5.2 
hours. Samples were stored frozen at the field sites for 4-29 days prior to shipment by ACDS 
Freezer truck to the analytical laboratory, ALS Laboratory Group (Edmonton, AB, Canada) 
where they were stored at :=:;-I 0°C until analysis. 

B.3. Analytical Methodology 

Residues of endothall (free acid) inion cucumbers were determined using a LC/MS/MS method 
(Method No. KP-242Rl) entitled "Analytical Method for Determination ofEndothall in Crops", 
issued 5/4/2007. 

For this method, residues were extracted twice by homogenization with water fo!Jowed by 
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3P04 at l00-
l200C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE, 
evaporated to dryness, and reconstituted in hexane:MTBE (l :1 v:v). Residues were then cleaned 
using an amine SPE cartridge eluted with methanol. Residues were analyzed by LCIMS/MS 
using external standards. The m/z 397-166 ion transition was used for quantifying residues. 
Residues are expressed in endothall acid equivalents. The validated LOQ for endothall inion 
cucumbers is 0.05 ppm, and the estimated LOD was 0.0025 ppm. 
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The above method was validated prior to and in conjunction with the analysis of the field trial 
samples. Control samples of peaches were fortified with endothall at 0.05-5.0 ppm for method 
validation and at 0.05-1.0 ppm for concurrent recoveries. 

C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for determining residues of endothall inion cucumbers was 
adequately validated prior to and in conjunction with the analysis of field trial samples. Method 
validation recoveries averaged 114% with a standard deviation of 8%, and concurrent recoveries 
averaged 92% with a standard deviation of 5% (Table C.l ). Apparent residues of endothall were 
<LOQ inion all control samples. Adequate sample calculations and example chromatograms 
were provided, and the fortification levels used for method recoveries were similar in magnitude 
to the measured residue levels. 

Cucumber samples were stored frozen at ::S-1 0°C for up to 478 days prior to analysis (Table C.2). 
Adequate storage stability data are available indicating that endothall is stable in frozen tomatoes 
for up to 467 days ( 47520719.der, under review). These data will support the storage durations 
and conditions for the ctuTent field trials. 

Following six overhead sprinkler applications with irrigation water containing the 
monoalkylamine salt of endothall at 5 ppm, acid equivalents (6.76-6. 77 lb ae/A/season), 
endothall residues were 0.234-0.738 ppm inion 4 samples of cucumbers harvested at 0 DAT 
(Table C.3). Average endothall residues were 0.499 ppm, and the HAFT residues were 0.738 
ppm (Table C.4). 

Following six overhead sprinkler applications with irrigation water containing the dipotassium 
salt of endothall at 3.5 ppm, acid equivalents ( 4.80-4.81 lb ae/A/season), endothall residues were 
0.310-0.459 ppm· inion 4 samples ofcucrunber harvested at 0 DAT. Average endothall residues 
were 0.385 ppm, and the HAFT residues were 0.433 ppm. No residue decline data was 
provided. 

Although average endothall residues were lower (0.8x) for the dipotassiwn salt than the 
monoalkylamine salt, direct comparison of the two formulations is not appropriate because the 
two formulations were applied at different rates. The monoalkylamine salt was applied at 5 ppm 
acid equivalents; however, the dipotassium salt was applied at only 3.5 ppm acid equivalent, 0.7x 
the rate of the monoalkylamine salt. Although the dipotassium salt of endothall was applied 
according to label directions, using a concentration of 5 ppm ai for the irrigation water, this 
application rate did not take into account the acid equivalency of the dipotassium salt. 

Common cultural practices were used to maintain plants, and the weather conditions and 
maintenance chemicals and fertilizer used in this study did not have a notable impact on the 
residue data. Phytotoxicity was reported in the NJ test and included loss of older leaves, stunting 
of growing tips, cupping of young leaves, chlorosis, and cessation of flowering. However, fruit 
set and growth were not effected. 
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D. CONCLUSION 

The available field trial data are adequate and support the use of endotha1l~treated water for 
irrigation of cucumbers. The data support the use of the monoalkylamine salt of endothall in 
irrigation water at a concentration of 5 ppm ae and the use of the dipotassium sa1t of endothall in 
irrigation water at a concentration of 3.5 ppm ae. No more that six applications of treated water 
should be made per season with a minimum 7~day interval for application to the water. Results 
are for cucumbers at a O~day PHI. 

E. REFERENCES 

None 

F. DOCUMENT TRACKING 

RDI: David Soderberg (5 June 2009); William Donovan (5 June 2009) 
Petition Number: 8E7419 
DP#: 356315 
PC Code: 038901, 038904, and 038905 

Template Version June 2005 
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Date: 5 June 2009 

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road, 
Building I 00, Suite B, Durham, NC 27713; submitted 3/30/2009). The DER has been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

47520705. Arsenovic, M. (2008) Endothall (Hydrothol!91): Magnitude of the Residue on 
Vegetable, Legume Group: Lab Project Number: Z9765. Z9765.07-ALS05 Unpublished study 
prepared by Interregional Research Project No.4. 440 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No.4 (IR-4) submitted a soybean processing study reflecting the 
exposure of soybeans to endothall through the use of treated irrigation water. In a field trial 
conducted in !A (Zone 5) during 2007, a 2.0 lb ae/gal soluble concentrate (SC/L) formulation of 
endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae. [In 
order to avoid the complications of different molecular weights for different salts, endothall 
concentrations are expressed as the free acid equivalents (ae).] The treated water was then 
applied using overhead sprinklers to soybeans as six broadcast foliar applications during seed 
and pod development at retreatment intervals (RTis) of 6-8 days. A volume equivalent to 1 acre 
inch of water (~27,154 gal/A) was applied for each application. Based on the concentration of 
the endothall in the irrigation water and the amount of water applied, the application rate for 
endothall was equivalent to 1.13 lb ae/Napplication, for a total of 6.77 lb ae/A/season. 

Single bulk control and treated samples of soybeans were harvested at normal crop maturity, 
immediately following the last irrigation (0 days after treatment, DA T). The soybeans were 
processed into hulls, meal and refined oil using simulated commercial procedures. Samples were 
stored at :5-l0°C for up to 78 days (seeds) or 20 days (hulls, meal and oil) prior to analysis. The 
sample storage intervals and conditions are supported by the available storage stability data. 

Residues of endothall (free acid) in/on soybean seed, hulls, meal and oil were determined using 
an adequate LC/MS/MS method (Method No. KP-242Rl). For each commodity except oil, 
residues were extracted with water and then derivatized with heptafluoro-p-tolylhydrazine 
(HFTH) in 50% H3P04 . Oil samples were diluted with water and partitioned against hexane, and 
the aqueous soluble residues were then derivatized with HFTH. The derivatized residues from 
each matrix were then cleaned up by partitioning into methyl t-butyl ether (MTBE) followed by 
elution through an amine solid phase extraction (SPE) cartridge. Residues were then analyzed 
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by LC/MS/MS using external standards for quantitation. The validated limit of quantitation 
(LOQ) for endothall is 0.05 ppm in each soybean matrix, and the estimated limit of detection 
(LOD) was reported to be 0.0001 ppm. 

Following six overhead sprinkler applications of endothall (monoalkylamine salt) to soybeans at 
rates totaling 6.77 lb ae/A, endothall residues were 0.021 ppm inion whole seeds, 0.083 ppm 
inion hulls, 0.017 ppm in meal, and nondetectable (<0.0001 ppm) in refined oil. The processing 
factors were 3.9x for hulls, 0.8x for meal, and <0.005x for oil. The theoretical processing factors 
for soybean commodities are 11.3x for hulls, 2.2x for meal, and 12x for oil. 

STUDYIW AIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS: 

Under the conditions and parameters used in the study, the soybean processing study is classified 
as scientifically acceptable. The acceptability of this study for regulatory purposes is addressed 
in the forthcoming U.S. EPA Residue Chemistry Summary Document, DP# 356315. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUNDINFORMATION 

Endothall [7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide, 
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class. 
The free acid ofendothall (PC Code 038901) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding 
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed 
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops. 
Permanent tolerances are established for the combined residues of endothall and its monomethyl 
ester at 0.1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm inion rice 
grain and straw [40 CFR § 180.293(a)(1 )]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419), 
lR-4 has submitted a soybean processing study reflecting irrigation of soybeans with endothall
treated water. The chemical structure and nomenclature of endothall and its monoalkylamine 
salt are listed in Table A.l. The physicochemical properties of technical grade endothall and its 
monoalkylamine salt are listed in Table A.2. 
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Table A.1. Endothall and Salts Nomenclature 
Chemical Structure 0 

c OH 

OH 

0 
Common name Endothall 
Molecular Formula CsH oOs 
Molecular Weiv,ht 186.16 
IUPAC name 7-oxabicy~lo[2.2.1]heptane-2,3 -dicarboxylic acid 
CAS name 7-oxabic clo 2.2.1 he tane-2,3-dicarbox lie acid 
CAS# 145-73-3 
PC Code 038901 
Current Food/Feed Site Registration Cotton, ho s, otato, alfalflt_grown for seed 
Chemical Structure 0 

( 
- H,C 

0 \ . 
N-CH2(n)CH3 OH I 

H,C 

0 (n=7-17) 

Common name Endothall, mono-N,N-dimcth lalk I amine salt 
Molecular Formula Not available 
Molecular Weight Average: 422 
IUPAC name 7-oxabicyclo[2.2.1 ]heptane-2,3-dicarboxylic acid, compound with N,N-

dimethyiCocoamine 
CAS name Not available 
CAS# 66330-88-9 
PC Code 038905 
Current Food/Feed Site Registration Cotton, hops, potato, alfalfa grown for seed, aquatic uses 

Table A.2. Physicochemical Properties ofEndotha\1 and Salts 
Parameter Value Reference 

Endothall (_aci(j_) 
Melting point 108-!IO't: DI87593, Dl87590, and DJ 87588, 

5/5/93 K. Dockter 
pH 2.7 at25 "c (I% solution) Dl87593, Dl87590, and Dl87588, 

515193, K. Dockter 
Density, bulk density, or specific 0.481 g/cm1 (bulk) at25't Dl87593, D187590, and Dl87588, 
&!:avitv 5/5/93, K. Dockter 
Water solubility at25t 109.8 giL Dl66798, 7/2/92, K. Dockter 

13.1 g!IOO mL in water, pH 5 D207011, 9/30/94, F. Toghrol 
12.7 g/100 mL in water, pH 7 
12.5 gJIOO mL in water, pH 9 

Solvent solubility at 25't 3.4 g/100 mL in acetonitrile D20701 I, 9/30/94, F. ToghroJ 
2.4 g/!00 mL in n-octanol 
!6.0-g/1 00 mL in tetrahydrofuran 

Vapor pressure 3.92 x w·' mm Hg at 24.3 't Dl66798, 7/2/92, K. Dockter 
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Table A.2. Phvsicochemical Properties of Endothall and Salts 
Parameter Value Reference 
Dissociation constant, pK, 4.32 for Step I and 6.22 for Step 2 at 20't: (0.2% Dl88708, 5/3/93, K. Dockter 

solution in 20% basic ethanol); dissociation rate 
1.8-2.3 x l Ol )-lmho within 3-5 minutes at 025't, 
bv conductivity meter 

Octanol/water artition coefficient Nota licable to endothall acid Dl66798, 7/2/92, K. Dockter 
UV/visible absorption spectrum Not available 

Endothall, mono-N,N-dimethylalkyl amine salt 
Bailin oint Not available 
pH 5.2 at 25't ( l% solution) Dl87593, Dl87590, and Dl87588, 

5/5/93, K. Dockter 
Density, bulk density, or specific 1.028 glmL at 25't: D 187593, D\87590, and Dl87588, 
gravity 5/5/93, K. Dockter 
Water solubility at 25't: ~49.2 gi!OOmL in water, pH 5 0210814,8/9/95, S. Knizncr 

~51.6 g/100 mL in water, pH 7 
;:>:49.8 grioo mL in water, PH 9 

Solvent solubility at 25't ~102.5 gllOOmL in acetonitrile D2108l4, 8/9/95, S. Knimer 
;:>:95.4 g/100 mL in n-octanol 
> 104.3-gil 00 mL in tetrahydrofuran 

Vapor pressure 2.09 x 10"
5 

mrn Hg at 25't (calc~~~-ed; mixed 0206344, 9/22/94, F. Toghrol 
mono- and dialkvlaminc {C8-C20 

Dissociation constant, pK. 4.24 for Step l and 6.07 for Step 2 at 20't for D 198885, 4/7194, F. Toghrol 
mixed mono- and dialkylamine (C8-C20) in 
acidified ethanol/water; dissociation complete 
0 l 7 minutes ( 1.7 x \03 )..lmho) at 25't: 

Octanol/water partition coefficient Kow 2.097 at concentrations of8.9 x 10· Mand D209995, l/20/95, L. Edwards 
8.9 X \0-4 M, at 25't 

UV/visible absorption spectrum Not available 

B. EXPERIMENTAL DESIGN 

B.l. Application and Crop Information 

In a field trial conducted in 1A (Zone 5) during 2007, soybeans were irrigated with endothall
treated water using overhead sprinklers (Table B.l.l ). The i.rrigation water was treated with 
endothall (2.0 lb ae/gal SC/L monoalkylamine salt) at a concentration of -5 ppm, acid 
equivalent The treated field was irrigated six times during seed and pod development at RTis of 
6-8 days. A volume equivalent to -1 acre inch of water (27,154 gal/A) was applied for each 
irrigation. Based on the concentration of the endothall and the amount of water applied, 
application rate for endothall was equivalent to 1.13 lb ae/A/application, for a total of6. 77lb 
ae! A/season. 
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TABLE B.l.l. Study Use Pattern. 

Location End-Usc 
Application Information 

(City, State; Year) 
Product Method; Timing Coocen. 1 Volume Single Rate RTI 3 Total Rate 

Trial ID (gal/A) z (lb ae/A) 3 (days) (Jb ae/A) 3 

Richland, lA 2007 Six broadcast foliar 
IA$15 

2.0 lb/gal 
application from 
flowering through 5.00 27,154 I. l 3 6-8 6.77 sc 
fruit maturation using 
overhead sprinklers. 

The concentrate of endothall (m ae1d eqmvalcnts) m the Irngauon water. No adJuvants were mcludcd m the 1rngatiOn water. 
2 The target irrigation rate was l acre inch of water or 27,154 gal/A. 
3 The equivalent field usc rates were calculated by the reviewer based on the concentration of the eodothall (ac), the application 

volume and plot size. 
RTI = Retreatment Interval. 

B.2. Sample Handling and Processing Procedures 

Single control and treated bulk samples of soybean seeds (?_73 lb/sample) were harvested at 0 
DAT, and shipped by ACDS Freezer truck to the processing facility, GLP Technologies, 
Navasota, TX. Samples were placed in frozen storage Sl 0°F prior to processing, which was 
completed within 42-44 days of harvest. Samples were processed into hulls, meal and refined oil 
using simulated commercial procedures (Figure B.l ). 

Seeds were first dried to a moisture content of:Sl3.5%. Light impurities and foreign particles 
were then separated and the clean, whole seed was fed into a roller mill to crack the hull and 
liberate the kernel. After hulling, hulls and kernels were separated. The kernel material was 
heated to 160-175°F and flaked, which were extruded into collets. The collets were extracted 
with hexane repeatedly and extracted collets were desolventized in a paddle blender to remove 
residual solvent. Crude oil and hexane was passed through a laboratory vacuum evaporator to 
separate the crude oil and hexane. The crude oil was alkali refined to separate the soapstock 
from the oil. 

Samples were transferred to frozen storage (:S-12°C) immediately after processing and shipped 
frozen by overnight courier on dry ice 3 days after processing to the analytical laboratory, ALS 
Laboratory Group (Edmonton, AB, Canada). At ALS, the processed samples were stored frozen 
(:5-1 0°C) prior to analysis. 
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C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for determining residues of endothall in/on soybeans and soybean 
processed fractions was adequately validated prior to and in conjunction with the analysis of 
field trial samples. Average method validation recoveries (±SD) were 97 ± 16% for soybean 
seeds and I 01 ± 8% for soybean oil (Table C. I). Concurrent recoveries averaged 86 ± 9% for 
soybeans and 84% for soybean refined oil (n=2). Apparent residues of endothall were <LOQ 
inion control samples. Adequate sample calculations and example chromatograms were 
provided and the fortification levels used for method recoveries were similar in magnitude to the 
measured residue levels. 

Soybean seeds and processed products were stored frozen at S-1 0°C for up to 78 and 20 days, 
respectively, prior to analysis (Table C.2). Adequate storage stability data are available 
indicating that endothall is stable in frozen soybean seeds and oil for up to 305-316 days 
(47520719.der, under review). These data will support the storage durations and conditions for 
the soybean processing study. 

Following six overhead sprinkler applications of endothall (monoalkylamine salt) to soybeans at 
rates totaling 6.77lb ae/A, residues were 0.021 ppm inion whole seeds (<LOQ), 0.083 ppm inion 
hulls, 0.017 ppm in meal, and nondetectab1e (<0.0001 ppm) in refined oil (Table C.3). Although 
residues were <LOQ, detectable residues of endothall were found in seeds and meaL Therefore, 
values <LOQ, but 2::LOD were used for calculating the processing factors. The processing 
factors were 3.9x for hulls, 0.8x for meal, and <0.005x for oil. The theoretical processing factors 
for soybean commodities are 11.3x for hulls, 2.2x for meal, and 12x for oil. 

TABLE C.l. Summary of Method Validation and Concurrent Recoveries ofEndothall from Soybeans. 

Matrix Spike Level Sample Size Recoveries Mean± Std. Dev. 
(ppm) (n) (%) (%) 

Method Validation 
0.05 3 83, 76, 71 76± 6 

0.5 3 108, 101, 115 108 ±7 
Soybean seed 5.0 3 I 04, 104, 113 107±5 

Total 9 71-115 97± 16 
0.05 3 86, 100,97 94± 7 

Soybean, refined 0.5 3 Ill, 104, 114 110± 5 
oil 5.0 3 99, 98, !00 99 ±I 

Total 9 86-114 101 ±8 
Concurrent Recoveries 

0.05 3 92, 99, 91 94±4 

Soybean seed 0.5 3 81, 75,78 78± 3 
(dried) Total 6 75-99 86± 9 

Soybean, refined 0.05 I 92 
84 

oil 0.5 I 76 
> Standard devJatJOnS are calculaled for data sets havwg _3 values. 
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TABLEC.2. Summary of Storage Conditions. 

Matrix Storage Temperature Actual Storage Duration 
(OC) (days)1 

Whole seed 78 

Meal :S:-10 
17 

Hulls 19 

Refined oil 20 

Interval of Demonstrated 
Storage Stability (days) 2 

305-316 

Interval from harvest to extraction for analys1s. Extracts were stored up to 9 days pnor to analys1s. 
~ Endothall is stable in frozen soybean seeds and oil for up to 305-316 days ( 47520719.der under review). 

TABLEC.3. Residue Data from Soybean Processing Study with Endothall Monoalkylamine Salt (SC/L). 

RAC Processed Commodity Total Rate PHI Residues Ptocessing 

ppm lb ae/A (days) (ppm)~ Factor 3 

Soybean Whole Seed (RAC) (0.0212) --
Hulls 

5.0 6.77 0 0.0829 3.9x 

Meal (0.0165) 0.78x 

Refined oil NO <0.005x .. l he rale IS expressed both m terms ofthe concentratiOn m the 1mgat10n water (ppm) and the total amount (Jb ae!A) applied . 
~ Expressed in acid equivalents. The LOQ is 0.05 ppm and the LOD estimated to be 0.0001 ppm. Values <LOQ but2:LOD are 

listed in parentheses. 
3 Values <LOQ but 2:LOD were used for calculating processing factors.' 
ND =not detected. 

D. CONCLUSION 

The soybean processing study is adequate. Endothall residues were reduced in both soybean 
meal (0.8x) and oil (<0.005x), but concentrated in soybean hulls (3.9x). 

E. REFERENCES 

None 

F. DOCUMENT TRACKING 

RDI: David Soderberg (5 June 2009); William Donovan (5 June 2009) 
Petition Number: 8E7419 
DP#: 356315 
PC Code: 038901 and 038905 

Template Version June 2005 
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William Donovan, Senior Scientist, RABV, 
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This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road, 
Building 100, Suite B, Durham, NC 27713; submitted 3/27/2009). The DER has been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

47520708. Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on Fruit, 
Citrus Group: Lab Project Number: Z9759, Z9759.07-CER08 Unpublished study prepared by 
Interregional Research Project No. 4. 230 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No.4 (IR-4) submitted a citrus processing study reflecting the 
exposure of orange trees to endothall through the use of treated irrigation water. In a fteld trial 
conducted in FL (Zone 3) during 2006, a 2.0 lb ae/gal soluble concentrate (SC/L) formulation of 
endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae. [In 
order to avoid the complications of different molecular weights for different salts, endothall 
concentrations are expressed as the free acid equivalents (ae).] The treated water was then 
applied using overhead sprinklers to the orange trees as six broadcast foliar applications during 
fruit development at retreatment intervals (RTls) of 5-6 days. A volume equivalent to I acre 
inch of water (~27,154 gal/A) was applied for each application. Based on the concentration of 
the endothall and the amount of water applied, the application rate for endothall was equivalent 
to 1.10 Ib ae/ A/application, for a total of 6.63 lb ae/Nseason. 

Single bulk control and treated samples of oranges were harvested at normal crop maturity, 
immediately following the last irrigation (0 days after treatment, DAT). The fruit was processed 
into juice, oil and dried pulp using simulated commercial procedures. Samples of whole fruit, 
juice, oil, and dried pulp were stored at .:S-18°C for up to 121 days prior to analysis. The sample 
storage intervals and conditions are supported by the available storage stability data. 

Residues of endothall (free acid) inion whole fruits and each processed fraction were determined 
using an adequate LC/MS/MS method (Method No. KP-242R1 ). Residues in whole fruits and 
pulp samples were extracted with water and then derivatized with heptafluoro-p-tolylhydrazine 
(HFTH) in 50% H3P04 . Juice samples were first diluted with water and then derivatized wit 
HFTI:L Oil samples were diluted with water and partitioned against hexane, and the aqueous 
soluble residues were then derivatized with HFTH. The derivatized residues from each matrix 
were cleaned up by partitioning into methyl t-butyl ether (MTBE) followed by elution through an 
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amine solid phase extraction (SPE) cartridge. Residues were then analyzed by LCJMSnvJS using 
external standards for quantitation. The validated limit of quantitation (LOQ) for endotltall is 
0.05 ppm in each citrus matrix, and the estimated limit of detection (LOD) was 0.0025 ppm. 

Although endothall residues were <LOQ inion whole orange fruits and in each processed 
fraction, residues above the LOD were detected in each fraction except oil. Residues were 
detected at 0.019 ppm in/on whole fruit and at 0.014 ppm in juice, 0.041 ppm in dried pulp. 
Residues in oil were <LOD. Based on these residue values the processing factors were 0.7x for 
juice, 2.2x for dried pulp, and <0.2x for oil. The theoretical processing factors for citrus juice 
and oil are 2x and lOOOx, respectively. 

STUDY/WAIVER ACCEPTABILITY /DEFICIENCIES/CLARIFICATIONS: 

Under the conditions and parameters used in the study, the citrus processing study is classified as 
scientifically acceptable. The acceptability ofthis study for regulatory purposes is addressed in 
the forthcoming U.S. EPA Residue Chemistry Summary Document, DP# 356315. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUND INFORMATION 

Endothall [7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide, 
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class. 
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding 
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed 
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops. 
Permanent tolerances are established for the combined residues of endothall and its monomethyl 
ester at 0.1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm inion rice 
grain and straw [40 CFR §180.293(a)(l)]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419), 
IR-4 has submitted a citrus processing study reflecting irrigation of orange trees with endothall
treated water. The chemical structure and nomenclature of endothall and its monoalkylamine 
salt are listed in Table A.l. The physicochemical properties of technical grade endothall and its 
monoalkylamine salt are listed in Table A.2. 

rTable A.L Nomenclature ofEndothall and its Monoalkylamine Salt. 
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Table A.l. Nomenclature of Endothall and its Monoalil.ylamine Salt. 
Chemical Structure 0 

c OH 

OH 

0 
Common name Endothall 
Molecular Formula CsH o05 
Molecular Wei gilt 186.16 
IUPAC name 7-oxabic clo 2.2.1 he tane-2,3-dicarbox lie acid 
CAS name 7-oxabicyclo 2.2. l heptane-2,3-dicarbox lie acid 
CAS# 145-73-3 
PC Code 038901 
Current FoodfFeed Site Re istration Cotton, ho s, otato, alfalfa grown for seed 
Chemical Structure 0 

( 
- H,C 

0 \ ' 
OH 1

N-CH2(n)CH3 

H,C 

0 (n~7-17) 

Common name Endothall, mono-N,N-dimeihylalkyl amine salt 
Molecular Formula Not available 
Molecular Wei ht Avera e: 422 
IUPACname 7-oxabicyclo[2.2.1 ]heptanc-2,3-dicarboxylic acid, compound with N,N· 

dimethylcocoamine 
CAS name Not available 
CAS# 66330-88-9 
PC Code 038905 
Cuncnt Food/Feed Site Re 'strati on Cotton, hops, potato, alfalfa own for seed, a uatic uses 
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Table A.2. Phvsicochemical Prooerties of Endothall and Its Monoalkvlamine Salt 
Parameter ]Value Reference 

Endothail (acid 
Melting point 108-i!O't Dl87593, Dl87590, and Dl87588, 

515193, K. Dockter 
pH 2.7 at 25"c (I% solution) D187593, Dl87590, and Dt87588, 

5!5!93, K. Dockter 
Density, bulk density, or specific 0.481 glcm3 (bulk) at 25"c D 187593, D 187590, and Dl87588, 
ravitY. 5/5/93, K. Dockter 

Water solubility at 25't !09.8g!L Dl66798, 7/2192, K. Dockter 
t3.1 g/100 mL in water, pH 5 D2070tl, 9/30/94, F. Toghrol 
12.7 g/100 mL in water, pH 7 
12.5_ inoo mLin water, uH 9 

Solvent solubility at 25"c 3.4 g/100 mL in acetonitrile D207011, 9/30/94, F. Toghrol 
2.4 g/100 mL in n-octanol 
16.0-g/100 mL in tetrahydrofuran 

Vapor pressure 3.92x !0"5 mmHgat24.3't D166798, 112192, K. Dockter 
Dissociation constant, pK, 4.32 for Step I and 6.22 for Step 2 at 20't (0.2% D 188708, 5/3/93, K. Dockter 

solution in 20% basic ethanol); dissociation rate 
1.8-2.3 x 101 jlmho within 3·5 minutes at lJ25't, 
b conductivity meter 

Octanol/water partition coefficient Not applicable to endothall acid D 166798, 7/2/92, K. Dockter 
UV/visible absor tion s ectrum Not available 

Endothall, mono-N,N-dimethvlalkvi amine salt 
Boilin oint Not available 
pH 5.2 at 25't (I% solution) DJ87593, Dl87590, and Dl87588, 

515193, K. Dockter 
Density, bulk density, or specific 1.028 gfmL at 25't D 187593, Dl87590, andDJ 87588, 

ravitv 5/5/93, K. Dockter 
Water solubility at 25"c ~49.2 g!IOOmL in water, pH 5 D2J0814, 8/9/95, S. Knizner 

::0:51.6 g!IOO mL in water, pH 7 
>49.8 g.J_IOO mL in water, PH 9 

Solvent solubility at 25"c 2:.102.5 g/IOOmL in acetonitrile D21 08 I 4, 819195, S. Knizner 
2:.95.4 gt100 mL in n-octanol 
>104.3"" g/ioo mL in tetrahydrofuran 

Vapor pressure 2.09 x 10"5 mm Hg at 25't (calculated; mixed D206344, 9;22/94, F. Toghrol 
mono- and dialkylamine (C8-C20)) 

Dissociation constant, pK, 4.24 for Step 1 and 6.07 for Step 2 at 20't for Dl98885, 417194, F. Toghrol 
mixed mono- and dialkylamine (C8-C20) in 
acidified ethanol/water; dissociation complete 
017 minutes (1.7 x !OJ !!mho) at 25't 

Octanollwater partition coefficient Kow 2.097 at concentrations of8.9 x 10· M and D209995, 1/20/95, L. Edwards 
8.9 x 10"4 M, at 25't 

UV /visible absorption spectrum Not available 

B. EXPERIMENTAL DESIGN 

B.l. Application and Crop Information 

In a field trial conducted in FL during 2006, orange trees were irrigated with endothall-treated 
water using overhead sprinklers (Table B.l.l ). The irrigation water was treated with endothall 
(2.0 lb ae/gal SC/L monoalkylamine salt) at a concentration of ~5 ppm, acid equivalent. The 
trees were irrigated six times during fruit development at RTls of 5-6 days. A volume equivalent 
to ~1 acre inch of water (27,154 gal/A) was applied for each irrigation. Based on the 
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concentration of the endothall and the amount of water applied, application rate for endothall 
was equivalent to 1.10 lb ae/Napplication, for a total of 6.63 lb ae/A/season. 

TABLE B-1.1. Study Use Pattern. 

Location 
End· Use 

Application Information 
(City, State; Year) 

Product Method; Timing Concen. 1 Volume Single Rate RTI' Total Rate 
Trial ID (gal/A) 2 (lb ae/A) 1 (days) (lb ae/A) 3 

Oviedo, FL 2006 Six broadcast foliar 
F'L$\0 2.0 lb/gal application during fruit 

5.0 
26,701-

1.10 5-6 6.63 sc development using 26.721 
overhead sprinklers. 

The concentrate ofendothall (m ac1d equ1valents) m the 1rngat10n water. No adJuvants were mcludcd m the 1mgat10n water. 
2 The target irrigation rate was l acre inch of water or 27,\54 gal! A. 
3 The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae), the application 

volume and plot size. 
4 RTI = Retreatment Interval. 

B.2. Sample Handling and Processing Procedures 

Single control and treated samples of oranges (-500 lb/sample) were harvested at 0 DAT (after 
the sixth application) and were shipped fresh under ambient conditions on the day of harvest via 
overnight courier to the processing facility, Englar Food Laboratories, Inc., Caldwell, ID. 
Samples were received by the processor two days after harvest and were placed in cool storage 
4±3°C prior to processing, which was completed within 5~9 days of harvest. 

Oranges were processed into dried pulp, oil and juice according to simulated commercial 
procedures (Figure B.l ). The oranges were washed for 5 minutes in water, and abraded to 
collect the oiL The oranges were then extracted using a commercial juice extractor to produce 
the juice fraction. For dried pulp, the peel was shredded, combined with the waste from the oil 
extraction and seeds to generate wet peel. Lime was added and the wet pulp was dried to 4.4M 
4.5% moisture on an air dryer. 

Samples of whole fruit and each processed fraction were placed in frozen storage (-17 ± soc) 
immediately after processing and shipped 20~24 days later by overnight courier on dry ice to the 
analytical laboratory, Cerexagri, Inc. (King of Prussia, PA). At Cerexagri, the processed samples 
were stored at SM18°C until analysis. 
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FIGURE B.l. Processing Flowchart for Oranges. 
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B.3. Analytical Methodology 

Residues of the free acid of endothall inion citrus fruits and processed citrus fruit fractions were 
determined using a LC/MS/MS method (Method No. KP-242Rl) entitled "Analytical Method for 
Determination ofEndothall in Crops", issued 5/4/2007. 

For this method, residues in whole fruit and pulp were extracted twice by homogenization with 
water followed by centrifugation and filtering. For jutce, the sample was only diluted with water 
prior to derivatization. For oil, the sample was mixed with water and then partitioned 3x with 
hexane, discarding the hexane phases. Residue in the resulting water fractions from each matrix 
were then derivatized with HFTI-I in 50% H3P04 at 1 00-120°C for 90 minutes. After cooling, 
the derivatized residues were partitioned into MTBE, evaporated to dryness, and reconstituted in 
hexane:MTBE (1 :1 v:v). Residues were then cleaned using an amine SPE cartridge eluted with 
methanol:MTBE (1 :4). Residues were analyzed by LC/MS/MS using external standards. The 
rnlz 397-166 ion transition was used for quantifying residues, and residues are expressed in 
acid equivalents. The validated LOQ for endothall is 0.05 ppm, and the estimated LOD is 
0.0025 ppm. 

For method validation, control samples of whole fruits were fortified with endothall at 0.05-5.0 
ppm. For concurrent recoveries, control sample were fortified with endothall at 0.05-1.0 ppm for 
whole fruit and at 0.05 and 0.50 ppm for each processed fraction. 

C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for determining residues of endothall inion oranges and orange 
processed products was adequately validated prior to and in conjunction with the analysis of field 
trial samples. For whole fruits, the method validation recoveries averaged 75% with a standard 
deviation of 4%, and the concurrent recoveries averaged 73% with a standard deviation of2% 
(Table C. I). The average concurrent recovery was 77% for dried pulp, 90% for juice and 91% 
for oil. Apparent residues of endothall were <LOD inion control samples of each matrix. 
Adequate sample calculations and example chromatograms were provided and the fortification 
levels used for method recoveries were similar in magnitude to the measured residue levels. 

Orange fruit, dried pulp, juice and oil samples were stored frozen at S:-l8°C for up to 121 days 
prior to analysis (Table C.2). Adequate storage stability data are available indicating that 
endothall is stable under frozen storage conditions for up to 467 days in tomatoes (acid fruit) and 
for up to 306 days in soybean oil ( 47520719.der, underreview). These stability data will support 
the storage durations and conditions for the orange processing study. 

Endothall residues were <0.05 ppm inion whole fruits and each processed fraction (Table CJ). 
Although residues were <LOQ, residues above the LOD were detected in each fraction except 
oil. Endothall residues were detected at 0.019 ppm inion whole fruit used for processing and at 
0.014 ppm in juice, 0.041 ppm in dried pulp. Residues in oil were <LOD. Based on these 
residue values the processing factors were 0. 7x for juice, 2.2x for dried pulp, and <0.2x for oil. 
The theoretical processing factors for citrus juice and oil are 2x and I OOOx, respectively. 
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TABLEC.l. Summary of Method Validation and Concurrent Recoveries of Endothall from Oranges 
and Orange Processed Fractions. 

Matrix Spike Level Sample Size Recoveries Mean± Std. Dev. 
(ppm) (o) (%) (%) 

Method Validation 

0.05 3 76, 72, 74 74 ±2 

0.5 3 72, 72, 73 72± I 
Fruh 5.0 3 76, 73, 85 78± 6 

Total 9 72-85 75±4 

Concurrent Recoveries 

0.05 2 76,71 74 

0.5 I 74 74 
Fruit l.O I 72 72 

Total 4 71·76 73± 2 

Dried pulp 
0.05 I 83 

77 
0.5 I 71 

Juice 
0.05 I 75 

90 
0.5 I 104 

Oil 
0.05 I 95 

91 
0.5 I 87 

Slandard devtatwns are calculated for data sets havmg :2:3 values. 

TABLEC.2. Summary of Storage Conditions. 

Matrix 
Storage Temperature Actual Storage Duration Interval of Demonstrated 

(oC) (days) Storage Stability (days) 2 

Orange, unwa~hcd fruit 
109 

(RAC) 
467 

Dried pulp _::-::. 18 121 

Juice 114 

Oil 120 306 
·- -----------~------- . 

Interval from harvest to extract1on for analysts. Ex1rac1s were stored up to 2 days prtor to anal}sts. 
2 Endothall is stable in frozen tomatoes for up 10 467 days and frozen soybean oil for up 10 306 days (47520719.derunder 

review). 

TABLEC.3. Residue Data from Orange Processing Study witb Endotball. 

RAC Processed Commodity Total Rate 1 PHI Residues Processing 

ppm lb ae!A (days) (ppm) t Factor 

Orange Fruit Whole unwashed fruit (RAC) 0.019 .. 
Dried pulp 

5.0 6.63 0 
0.041 2.2x 

Juice 0.014 0.7x 

Oil NO <0.2x 
The rate IS expressed bo!h tn terms of the concenlratwn m lhe trngatwn water (ppm) and the total amount (lb aeJA) apphed. 

2 Expressed in acid equivalents. The LOQ is 0.05 ppm and the LOD estimated to be 0.0025 ppm. Values <LOQ but ;::LOD are 
listed in parentheses. 
Values <LOQ but ;::LOD were used for calculating processing factors 
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D. CONCLUSION 

The orange processing study is adequate. Endothall residues were reduced in both citrus juice 
(0.7x) and oil (<0.2x), but concentrated in dried pulp (2.2x). 

E. REFERENCES 

None 
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Primary Evaluator -o,.,,J)~~'0!'~L~?~cl,?¥;-:::b=--- Date; 5 June 2009 
David Soderberg, Chemist, RABV, D 

Approved by L,);_f£~ ~<J, fl~== 
William Donovan, Senior Scientist, RABV, 
HED 

Date: 5 June 2009 

This DER was originally prepared under contract by Dynamac Corporation (191 0 Sedwick Road, 
Building 100, Suite B, Durham, NC 27713; submitted 3/27/2009). The DER has been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

47520709. Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on Fruit, 
Pome Group: Lab Project Number: Z9767, Z9767.07-CER05 Unpublished study prepared by 
Interregional Research Project No. 4. 255 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No.4 (IRA) submitted an apple processing study reflecting the 
exposure of apple trees to endothall through the use of treated irrigation water. In a field trial 
conducted in NY (Zone 1) during 2006, a 2.0 lb ae/gal soluble concentrate (SC/L) formulation of 
endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae. [In 
order to avoid the complications of different molecular weights for different salts, endothall 
concentrations are expressed as the free acid equivalents (ae).] The treated water was then 
applied using overhead sprinklers to the apple trees as six broadcast foliar applications during 
fruit development at 7-day retreatment intervals (RTis). A volume equivalent to I acre inch of 
water (-27,154 gal/A) was applied for each application. Based on the concentration of the 
endothall and the amount of water applied, the application rate for endothall was equivalent to 
1.13 lb ae/A/application, for a total of 6. 79lb ae/ A/season. 

Single bulk control and treated samples of apples were harvested at normal crop maturity, 
immediately following the last irrigation (0 days after treatment, DAT). The fruit was processed 
into juice and wet pomace using simulated conunercial procedures. Samples of whole fruit, juice 
and wet pomace were stored at ~-l8°C for up to 286 days prior to analysis. The sample storage 
intervals and conditions are supported by the available storage stability data. 

Residues of endothall (free acid) in/on apple fruit, juice and wet pomace were determined using 
an adequate LC/MS/MS method (Method No. KP-242Rl). Residues were extracted with water 
and then derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H3P04. The derivatized 
residues from each matrix were cleaned up by partitioning into methyl t-butyl ether (MTBE) and 
elution through an amine solid phase extraction (SPE) cartridge. Residues were then analyzed 
by LC/MS/MS using external standards for quanti tat ion. The validated limit of quantitation 
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(LOQ) for endothall is 0.05 ppm in each apple matrix, and the estimate limit of detection (LOD) 
was 0.0025 ppm. 

Residues of endothall averaged 0.033 ppm in/on whole fruit ( <LOQ) and were 0.041 ppm in 
juice and 0.091 ppm in wet pomace. The calculated processing factors were 1.2x for juice and 
2.8x for wet pomace. 

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS: 

Under the conditions and parameters used in the study, the apple processing study is classified as 
scientifically acceptable. The acceptability of this study for regulatory purposes is addressed in 
the forthcoming U.S. EPA Residue Chemistry Summary Document, DP# 356315. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUND INFORMATION 

Endothall [7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide, 
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class. 
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding 
period. They are also registered for desiccation! defoliation of alfalfa/clover (grown for seed 
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops. 
Permanent tolerances are established for the combined residues of endothall and its monomethyl 
ester at 0.1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm in/on rice 
grain and straw [40 CFR §180.293(a)(l)]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419), 
IRA has submitted a apple processing study reflecting irrigation of apple trees with endothall
treated water. The chemical structure and nomenclature of endothall and its monoalkylamine 
salt are listed in Table A.l. The physicochemical properties of technical grade endothall and its 
monoalkylamine salt are listed in Table A.2. 
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Table A.l. Nomenclature ofEndothall and tts Monoalkvlamine Salt. 
Chemical Structure 0 

( OH 

OH 

0 
Common name Endothall 
Molecular Formula CgH1o0s 
Molecular Wei ht 186.16 
IUPAC name 7-oxabic clo 22.1 he tane-2,3*dicarbox lie acid 
CAS name 7-oxabic clo 2.2.1 he tane-2,3-dicarbox lie acid 
CAS# 145-73-3 
PC Code 038901 
Current Food/Feed Site Re istration Cotton, ho s, otato, alfalfa grown for seed 
Chemical Structure 0 

- H,C 
0 . \ ' 

OH 1
N-CH

2
(n)CH

3 

H,c 

0 (n"7-17) 

Common name Endothall, mono-N,N-dimethylnlkyl amine salt 
Molecular Fonnula Not available 
Molecular Wei ht Avera e; 422 
IUPAC name 7-oxabicyclo[2.2. I ]heptane-2,3-dicarboxylic acid, compound with N,N* 

dimethvlcocoamine 
CAS name Not available 
CAS# 66330-88-9 
PC Code 038905 
Current Food/Feed Site Re istration Cotton, ho s, otato, alfalfa rown for seed, a uatic uses 
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Table A.2. Physicochemical Properties ofEndothaii and Its Monoalkylamine Salt. 
Parameter Value Reference 

Endothall (acid 
Melting point 108-J lO't 0187593, 0187590, and OJ 87588, 

515193, K. Dockter 
pH 2.7 at 25't (I% solution) OJ 87593, 0187590, and 0187588, 

515193, K. Dockter 
Density, bulk density, or specific 0.481 glcmJ (bulk) at 25't 0187593, 0187590, and 0187588, 
gravity 5/5/93, K. Dockter 
Water solubility at 25't 109.8 giL 0166798, 7/2/92,K. Dockter 

13.1 g/100 mL in water, pH 5 0207011, 9/30/94, F. Toghrol 
12.7 g/100 mL in water, pH 7 
12.5 ';;;100 mL in water, pH 9 

Solvent solubility at 25't 3.4 g/100 mL in acetonitrile 0207011, 9/30!94, F. Toghrol 
2.4 g/ I 00 mL in n-octanol 
16.0 gl I DO mL in tetrahydrofuran 

Vapor pressure 3.92 x w-s mm Hg at 24.3'1::: 0!66798, 7/2/92, K. Dockter 
Dissociation constant, pK. 4.32 for Step I and 6.22 for Step 2 at 20't (0.2% D !88708, 5/3/93, K. Dockter 

solution in 20'% basic ethanol); dissociation rate 
1.8-2.3 x 101 )J.mho within 3-5 minutes at 025't, 
bv conductivity meter 

Oclanol/water partition coefficient Not a Jicable to endothall acid D 166798, 7/2192, K. Dockter 
UV /visible absorp_tion_spcctrum Not available 

Endothall, mono-N,N-dimethvlalkvl amine salt 
Boilin oint Not available 
pH 5.2 at 25't (I% solution) 0!87593, 0187590, and 0187588, 

515193. K. Dockter 
Density, bulk density, or specific 1.028 g/mL at 25't D187593, Dl87590, and D 187588, 
gravi_!Y_ 515193, K. Dockter 
Water solubility at 25't :::0:49.2 g/IOOmL in water, pH 5 0210814,8/9/95, S. Knizncr 

;-:::51.6 g/100 mL in water, pH 7 
>49.8 inoo mL in water, PH 9 

Solvent solubility at 25'1::: <::102.5 g!100mL in acetonitrile 0210814,8/9/95, S. Knizner 
<::95.4 g/100 mL in n-octanol 
> 104.3-g/100 mL in tetrahydrofuran 

Vapor pressure 2.09 x w-s mm Hg at 25't (calcula1ed; mixed 
mono- and dialkvlamine_(C8-C20)) 

0206344, 9/22/94, F. Toghrol 

Dissociation constant, pK. 4.24 for Step I and 6.07 for Step 2 at 20't for D I 98885, 4!7/94, F. Togluol 
mixed mono- and dialkylamine (C8-C20) in 
acidified ethano[fwater; dissociation complete 
D 17 minutes(1.7 x 103 1-1mho) at 25't 

Octanollwater partition coefficient Kow 2.097 at concentrations of8.9 x 10· M and 0209995, 1120/95, L. Edwards 
8.9 X 10'4 M, at 25't 

UV !visible absorption spectrum Not available 

B. EXPERIMENTAL DESIGN 

B.l. Application and Crop Information 

In a field trial conducted in NY during 2006, apple trees were irrigated with endothall-treated 
water using overhead sprinklers (Table B.l.l). The irrigation water was treated with endothall 
(2.0 lb ae/gal SC/L monoalkylamine salt) at a concentration of -5 ppm, acid equivalent. The 
trees were irrigated six times during fruit development at RTis of? days. A volume equivalent 
to~ I acre inch of water (27, 154 gall A) was applied for each irrigation. Based on the 
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concentration of the endothall and the amount of water applied, application rate for endothall 
was equivalent to 1.13lb ae/A/application, for a total of6.79lb ae/A/season. 

TABLE B.l.t. Study Use Pattern. 

Location End-Use 
Application lnfonnation 

(City, State; Year) Product Method; Timing Concen. Volume Single Rate RTI 4 Total Rate 
Triai!D (ppm) I (gal/A) 2 (lb ae/A) 1 (days) (lb ae/A) l 

North Rose, NY Six broadcast foliar 
2006 2.0 lb ae/gal application during fruit 

5.01 27,089 1.13 7 6.79 NY$29 SC/L development using 
overhead sprinklers. 

The concentrate of cndothall (m ac1d equ1valents) In the 1mgat10n water. No adJuVants were Included 1n the 1rr1gat10n water. 
2 The target irrigation rate was J acre inch of water or 27,154 gallA 
l The equivalent field use rates were calculated by the reviewer based on the concentration oftbe endothall (ae), the application 

volume and plot size. 
RTI"" Retreatment IntervaL 

B.2. Sample Handling and Processing Procedures 

Single bulk control and treated samples (53-63 lbs/sample) of apple fruit were harvested at 0 
DAT. The samples were shipped fresh on the day of harvest to the processing facility, ACDS 
Research, Inc. (North Rose, NY), where samples were stored in a cooler until processing. The 
fruit samples were processed on the day of harvest into juice and wet pomace using simulated 
commercial procedures (Figure B.1 ). After processing, the whole fruit, juice, and wet pomace 
samples were immediately stored at S-l5°C. The samples were shipped 23 days later by freezer 
truck to the analytical laboratory, Cerexagi, Inc. (King of Prussia, PA), where the samples were 
processed and stored at -18°C until analysis. 
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Processing Flowchart for Apple Fruits. 

A C D S. Research., Inc 

FLOW CHARI 

Typical Small Batch Apple Processing Simulating Comme1cial Processing 

Whole Fruit, Juice. Wet Pomace and Dry Pomace Fractions 

f4;Ibs 
~bushel 

=-
WHOLE 
FRUIT 
SAMPLE 

5-10%Loss[ 37lbs 
GRINDING Operation 

32· 35 lbs l M"h 

_::::r-

3-8% Loss 

60-65% Juice 
20- 24 lbs- r:-::-:-::l 
~ 

JUICE 
SAMPLE 

6-9 lbs Wet Pomace For Drying 

I 
'DRYING Operatio~}- (N)bi] 
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DRY POMACE 
SAMPLE 

Wet POMACE 
SAMPLE 

(less than 10% moisture) 

Dry Pomace is 20-25% 
by weight of wet pomace 
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B.3. Analytical Methodology 

Residues of the free acid of endothall in/on apples and its processed fractions were determined 
using a LC/MS/MS method (Method No. KP-242Rl) entitled "Analytical Method for 
Determination ofEndothall in Crops", issued 5/4/2007. 

For this method, residues in fruit and wet pomace were extracted twice by homogenization with 
water followed by centrifugation and filtering. The juice sample was just diluted with water. 
Residues were then derivatized with HFTH in 50% H3P04 at 1 00-120°C for 90 minutes. After 
cooling, the derivatized residues were partitioned into MTBE, evaporated to dryness, and 
reconstituted in hexane:MTBE (I :I v:v). Residues were then cleaned using an amine SPE 
cartridge eluted with methanol:MTBE (1 :4). Residues were analyzed by LC/MS/MS using 
external standards. The m/z 397-+166 ion transition was used for quantifYing residues, and 
residues are expressed in acid equivalents. The validated LOQ for endothall is 0.05 ppm, and the 
estimated LOD was 0.0025 ppm. 

For method validation, control samples of apple fruit were fortified with endothall at 0.05-5.0 
ppm. For concurrent recoveries, control sample were fortified with en dot hall at 0.05-1.0 ppm for 
whole fruit and each processed fraction. 

C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for detennining residues of endothall in/on apples and its 
processed fractions was adequately validated prior to and in conjunction with the analysis of 
processing study samples (Table C.l ). Method validation recoveries averaged (±SD) 88 ± I 0% 
from whole fruit. Concurrent recoveries averaged 87% for whole fruit, 92% for juice, and 99% 
for wet pomace. Apparent residues of endothall were <LOQ in/on control samples of each 
matrix. Adequate sample calculations and example chromatograms were provided and the 
fortification levels used for method recoveries were similar in magnitude to the measured residue 
levels. 

Apples were stored at -l8°C for up to 230 days prior to analysis, and the processed fractions 
were stored at -l8°C for up to 286 days prior to analysis (Table C.2). Adequate storage stability 
data are available indicating that endothall is stable in frozen tomatoes for up to 467 days 
( 47520719.der, under review). These stability data will support the storage durations and 
conditions for the processing study. 

Residues of endothall averaged 0.033 ppm inion whole fruit (<LOQ) and were 0.041 ppm in 
juice and 0.091 ppm in wet pomace (Table C.3). The calculated processing factors were 1.2x for 
juice and 2.8x for wet pomace. 
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TABLE C.l. Summary of Method Validation and Concurrent Recoveries ofEndothall from Apple and 
Its Processed Fractions. 

Matrix Spike level Sample Size Recoveries Mean± Std. Dev. 1 

(ppm) (n) (%) 

Method Validation 

0.05 3 91,93,93 

0.5 3 76, 75, 74 
Apple 

5.0 3 92, 104, 94 

Total 9 74~104 

Concurrent Recoveries 

0.05 2 75, 102 

Apple, fruit 
0.5 I 77 
1.0 I 95 

Total 4 75-t02 

Apple, juice 
0.05 I 87 

1.0 I 96 

Apple, wet pomace 
0.05 I 102 
1.0 I 95 

Standard devJatJOns are calculated for data sets havmg ?J values. 

TABLEC.2. Summary of Storage Conditions for Apple Matrices. 

Matrix Storage Temper~ture Actual Storage Duration 
(OC) (days/ 

Whole fruit 230 

Juice ::::-18 231 

Wet pomace 286 

' Interval from harvest to extractwn for analysJs. Extracts were stored l ~6 days pnor to analysiS. 
2 EndothaJI is stable in frozen tomatoes for up to 467 days ( 47520719.der under review). 

TABLEC.3. Residue Data from Apple Processing Study with Endothall. 

(%) 

92 ±I 

75± I 

97±6 

88± 10 

89 

77 
95 

87± 13 

92 

99 

Interval of Demonstnited 
Storage Stability 

(days)2 

467 

RAC Processed Commodity Total Rate 1 PHI Residues (ppm) 2 Processing 
(days) Factor 3 

Apple Whole fruit roots (RAC) 
(0.031, 0.047, 0.022) --5 ppm ave. 0.033 

Juice (6.791bae/A) 
0 

(0.041) 1.2x 

Wet pomace 0.091 2.8x 
The rate JS expressed both m terms of the concentratiOn m the JmgatJon water (ppm) and the total amount (lb ae!A) app!Jed. 

2 Expressed in acid equivalents. The LOQ is 0.05 ppm and the LOD estimated to be 0.0025 ppm. Values <LOQ but 2:.LOD are 
listed in parentheses. 
Values <LOQ but ?:LOD were used for calculating processing factors 

D. CONCLUSION 

The apple processing study is adequate. 
and by 2.8x in wet pomace. 
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Date: 5 June 2009 

This DER was originally prepared under contract by Dynamac Corporation ( 191 0 Sedwick Road, 
Building 100, Suite B, Durham, NC 27713; submitted 3/27/2009). The DER has been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

47520710. Arsenovic, M. (2008) Endothall (Hydrothol 191 and Aquathol K): Magnitude of the 
Residue on Fruit Stone Group: Lab Project Number: Z9769, Z9769.07-ALS04, Unpublished 
study prepared by Interregional Research Project No.4. 188 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No.4 (IRA) submitted field trial data reflecting the exposure of 
peaches to endothall through the use of treated irrigaiion water. Two peach field trials were 
conducted in Zones 2 and 10 during 2007. In each trial, sideNby-side tests were conducted using 
irrigation water treated with either the monoalkylamine salt of endothall (2 lb ae/gal SC/L) at a 
concentration of5 ppm ae, or the dipotassium salt of endothall (3.0 lb aelgal SC/L) at a 
concentration of 3.5 ppm ae. [In order to avoid the complications of different molecular weights 
for different salts, endothall concentrations are expressed as the free acid equivalents (ae).] The 
treated water was applied in each test during fruit development as six broadcast foliar 
applications using overhead sprinklers, at retreatment intervals (RTis) of 6N8 days. A volume 
equivalent to -1 acre inch of water (-27,154 gal/A) was applied for each application. Based on 
the endothall concentration and the amount of water applied, the application rate for the 
monoalkylamine salt of endothall was equivalent to 1.13-1 .25 lb ae/ A/application, for a total of 
6.78-7.08 lb ae/ A/season. The application rate for the dipotassium salt was equivalent to 0.79-
0.9llb ae/A/application, for a total of4.82-5.05lb ae/A/season. 

Single control and duplicate treated samples of peaches were harvested from each test on the day 
of the final application (0 days after treatment, OAT), and samples were stored at ::S-l0°C for up 
to 154 days prior to analysis. Adequate storage stability data are available to support the 
duration and conditions of sample storage. 

Residues of endothall (free acid) in/on peaches were determined using an adequate LC/MS/MS 
method (Method No. KPN242Rl ). For this method, residues were extracted with water and then 
derivatized with hepta:fluoro-pNtolylhydrazine (HFTH) in 50% H3P04• The derivatized residues 
were cleaned up by partitioning into methyl t-butyl ether (MTBE) followed by elution through an 
amine solid phase extraction (SPE) cartridge. Residues were then analyzed by LC/MS/MS using 
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external standards for quantitation. Residues are expressed in endothall acid equivalents. The 
validated limit of quantitation (LOQ) for endothall in/on peaches is 0.05 ppm, and the estimated 
limit of detection (LOD) is 0,0025 ppm, 

Endothall residues were <0.05-0.160 ppm in/on 4 peach samples harvested at 0 DA T following 
irrigation applications of the monoalkylamine salt of endothall at 5 ppm ae, and were <0.05-
0.136 ppm in/on 4 peach samples harvested at 0 DAT following six irrigation applications of the 
dipotassium salt of endothall at 3.5 ppm. Average endothall residues in/on peaches were 0.10 I 
and 0.089 ppm for the monoalkylamine and dipotassium salt formulations, respectively. The 
highest average field trial (HAFT) residues were 0.152 and 0.127 ppm for the monoalkylamine 
and dipotassium salt formulations, respectively. 

Although average endothall residues were lower (0.8x) for the dipotassium salt than the 
monoalkylamine salt, direct comparison of the two formulations is not appropriate because the 
two formulations were applied at different rates. The monoalkylamine salt was applied at 5 ppm 
acid equivalents; however, the dipotassium salt was applied at only 3.5 ppm acid equivalent, 0.7x 
the rate of the monoalkylamine salt. Although the dipotassium salt of endothall was applied 
according to label directions, using a concentration of 5 ppm ai for the irrigation water, this 
application rate did not take into account the acid equivalency of the dipotassium salt. 

STVDYIW AIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS: 

Under the conditions and parameters used in the study, the peach field trial residue data for the 
monoalkylamine salt formulation are scientifically acceptable. Although limited field trials were 
performed, these applications are expected to be conservative relative to actual inadvertent 
applications. However, the field trial data for the dipotassium salt are not appropriate for direct 
comparison with the monoalkylamine salt because the dipotassium was applied at 0.7x the rate 
of the monoalkylamine salt. The acceptability ofthis study for regulatory purposes is addressed 
in the forthcoming U.S. EPA Residue Chemistry Summary Document, DP# 356315. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity ofthe study. 

A. BACKGROUND INFORMATION 

Endothall [7-oxabicyclo[2,2, I] heptane~2,3-dicarboxylic acid] is a selective contact herbicide, 
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class. 
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding 
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed 
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops. 
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Permanent tolerances are established for the combined residues of endothall and its monomethyl 
ester at 0.1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm in/on rice 
grain and straw [40 CFR §180.293(a)(l)]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8£7419), 
IR-4 has submitted field trial data reflecting irrigation of peaches with endothall-treated water. 
The chemical structure and nomenclature ofendothall and its salts are listed in Table AI. The 
physicochemical properties of technical grade endothall and its salts are listed in Table A.2. 

Table A. I. Structure and Nomenclature of Endothall and its Salts. 
Chemical Structure 0 

( OH 

OH 

0 
Common name Endothall 
Molecular Formula CsH oOs 
Molecular Weight 186.16 
IUPAC name 7-oxabic clo 22.1 he tane-2,3-dicarboxylic acid 
CAS name 7-oxabic clo 2.2.1 he tanc-2,3-dicarbox lie acid 
CAS# 145~73~3 

PC Code 038901 
Current Food/Feed Site Re istration Cotton, ho s, otato, alfalfa own for seed 
Chemical Structure 0 

- • 
0 K 

0 - • 
0 K 

0 
Common name Endothall, di otassium salt 
Molecular Formula CsHsK Os 
Molecular Weight 262.33 
IUPAC name Not available 
CAS name Not available 
CAS# 2164-07-0 
PC Code 038904 
Current Food/Feed Site Re istration Cotton, ho s, otato, alfalfa rown for seed, a uatic uses 

DP# 356315/MRID No. 47520710 Page3ofl0 6\ 
164' 



Endothall/03890 !/Interregional Research Project No.4 
DACO 6.4, 7.4, 7.8/0PPTS 860.1400/0ECD IIIA 8.4.3 and IliA 8.3 
Water Fish and Irrigated Crops Irrigated Peaches 

' ' 
-

Table A. I. Structure and Nomenclature of Endothall and its Salts. 
Chemical Structure 0 

c - H,C 
0 \ . 
OH 

/-ni,(n)CH, 

H,C 

0 (n~7-!7) 

Common name Endothall, mono~N,N~dimethylalkyl amine salt 
Molecular Formula Not available 
Molecular Wei t Avera e·. 422 
lUPAC name 7-oxabicyclo[2.2.1]heptane-2,3-dicarboxylic acid, compound with N,N-

dimethvlcocoamine 
CAS name Not available 
CAS# 66330-88~9 

PC Code 038905 
Current Food/Feed Site Re istration Cotton, ho s, otato, alfalfa own for seed, a uatic uses 

Table A.2. Phvsicochemical Prooerties ofEndotball and Salts. 
Parameter Value Reference 
Endothall (acid) 
Melting point 108-llO't Dl87593, Dl87590, and D187588, 

515!93, K. Dockter 
pH 2.7 at 25"c (1% solution) Dl87593, Dl87.590, and Dl87.588, 

5/5/93, K. Dockter 
Density, bulk density, or specific 0.481 glcm3 (bulk) at 25't Dl87593, Dl87590, and Dl87588, 

'gravitY 5/5/93, K. Dockter 
Water solubility at 25't 109.8 giL Dl66798, 712192, K. Dockter 

13.1 g!IOO mL in water, pH 5 0207011, 9/30/94, F. Toghrol 
12.7 g!IOO mL in water, pH 7 
12.5 ;d100 mL in water, oH 9 

Solvent solubility at 25"c 3.4 g/100 mL in acetonitrile D2070II, 9!30194, F. Toghrol 
2.4 g/100 mL in n-octanol 
16.0"' 0ioo mL in tetrahydrofuran 

Vapor pressure --- 3.92 x 10"5 mm Hg at24.3't Dl66798, 712/92, K. Dockter 
Dissociation constant, pK, 4.32 for Step I and 6.22 for Step 2 at20't (0.2% D\88708, 5/3/93, K. Dockter 

solution in 20% basic ethanol); dissociation rate 
1.8-2.3 x 103 !-!mho within 3~5 minutes at 025't, 
by conductivity meter 

OctanoVwater partition coefficient Not apQ!icable to endothall acid D 166798, 7/2/92, K. Dockter 
UV/visible absor lions ectrum Not available 
Endothall, di otassium salt 
Melting point >360't: Dl87593, D187590, and Dl87588, 

5/5/93, K. Dockter 
pH 9.1 at 25't (1% solution) 0187593, Dl87590, and Dl87588, 

515193, K. Dockter 
Density, bulk density, or specific 0.766 glcm3 (bulk) at25"c 0187593, Dl87590, and Dl87588, 

I gravity 515193, K. Dockter 
Water solubility >65 100 mL in water, H5, H 7, and H9 D214691, 6!7/95, D. Hrd 
Solvent solubility <0.001 g/100 mL in acetonitrile, n-octanol, and 0214691,6/7/95, D. Hrdy 

tetrahvdrofuran 
Vapor pressure 1'\ot applicable. An organic acid K salt is 

anticiOated to have an insillnificant vapo~essure. 
Dl78085, 6118/92, S. Funk 
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Table A.2. Phvsicochemical Properties of Endothall and Salts. 
Parameter Value Reference 
Dissociation conslant, pK4 4.16 for Step I and 6.14 for Step 2 at20't in D304027, 6110/2004, D. Soderberg 

wat~~\ dissociation complete at 5 ruins (13.6 x 101 

mho 
OclanollwaJer partiJion coefficient Kow <0.02 and <0.3 at concentrations of9 x 10· D2!0814, 819195, S. Knizner 

M and 9 x I 0'4 M, respectively, at 25't 
UV /Visible absorpJion spectrum Nol available 

Endothall, mono~N,N~dimetQ.ylalkyl amine salt 
Boilin oinJ Not available 
pH 5.2 at 25't (I% soluJion) D 187593, D 187590, and D187588, 

515193, K. DockJer 
Density, bulk density, or specific 1.028 glmL at 25 t: 0187593, Dl87590, andDI87588, 

'gravity 515193, K. Dockter 
Water solubility aJ 25"C ?:49.2 gltOOmL in water, pll 5 D2108!4, 8/9/95, S. Knizner 

?:51.6 gltOO mL in water, pH 7 
>49.8 g;IOO mL in water, PH 9 

SolvenJ solubility at 25"C 2:: I 02.5 g/1 OOmL in acetonitrile 0210814,8/9/95, S. Knizner 
2::95.4 g/100 mL in n-octanol 
> 104.3-g/100 mL in JeJrahydrofuran 

Vapor pressure 2.09 x 10'
5 

mm Hg at 2!-~ (calc~~)tcd; mixed D206344, 9122/94, F. Toghrol 
mono- and dial_!<;ylamine C8-C20 ) 

DissociaJion constant, pK. 4.24 for Step I and 6.07 for SJep 2 at 20't for Di98885, 4nl94, F. Toghrol 
mixed mono- and dialkylamine (C8-C20) in 
acidified ethanol/water; dissociaJion compleJe 
017 minutes (1.7 x 101 ~mho) aJ 25't 

Octanol/water partition coefficient Kow 2.097 at conccntralions of 8.9 x 10· M and D209995, I/20/95, L. Edwards 
8.9 x !0"' M, at 25t 

UV/visible absorplion speCJrum Nol available 

B. EXPERIMENTAL DESIGN 

B. I. Study Site Information 

Two peach field trials were conducted in Zones 2 and 10 during the 2007 growing season (Table 
B.l, 1 ). At each site, side-by-side tests were conducted using irrigation water treated with either 
the mono alkylamine salt of cndothall (2.0 lb ac/gal SCIL) at a concentration of 5 ppm, acid 
equivalent, or the dipotassium salt of endothall (3.0 lb ae/gal SC/L) at a concentration of 3.5 
ppm, acid equivalent. HED notes that although the dipotassium salt was applied at a 
concentration of -5 ppm ai, this rate is equivalent to a concentration of3.5 ppm, acid equivalent. 
The treated water was applied in each test during fruit development and maturation as six 
broadcast foliar applications using overhead sprinklers, at RTis of7-8 days. A volume 
equivalent to -1 acre inch of water (~27 ,154 gaVA) was applied for each application. Based on 
the concentration of the endothall and the amount of water applied, the application rates for the 
mono alkylamine salt of endothall were equivalent to 1.13~ 1.25 lb ae/A/application, for a total of 
6. 78-7.08 lb ae/ A/season (Table B.l.3). The application rates for the dipotassium salt were 
equivalent to 0. 79-0.91 lb ae/A/application, for a total of 4.82~5.05 lb ae/AJseason. These 
applications are expected to be conservative relative to actual applications. 
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TABLE B.l.I. Trial Site Conditions. 

Trial Identification (City, State; Year) 
Soil characteristics1 

Type %OM pH CEC (meq/1 OOg) 

Morven, GA 2007 Loamy Sand 0.75 5.3 3.0 
GA$01 

Dinuba, CA 2007 Loamy Sand 4.1 7.0 8.7 
CA$02 

. The~e parameters are optiOnal except m cases where their value affects the use pattern for the chemJcal. 

TABLEB.I.2. Water Characterization. 

Study site 
Water characteristics 

Type Hardness/Salinity pH Turbidity Dissolved OM 

Morven, GA 2007 Well NR NR NR NR 
GA$01 

Dinuba, CA 2007 Well NR NR NR NR 
CA$02 

NR not reponed. 

The actual temperature recordings and rainfall were typical for each site and no unusual weather 
conditions were reported. No additional irrigation was reported during the study period. The 
tests were conducted according to normal agricultural practices for the regions, and information 
was provided on maintenance pesticides and fertilizers used at each site. No information was 
provided on the characteristics of the water used for irrigation, other than the source (Table 
B.l.2). 

TABLE B.l.3. Study Use Pattern. 

Location End-Use 
Application fnformalion 

(City, State; Year) Product 1 
Method; Timing Concen. 2 Volume Single Rate 4 RTI 5 Total Rate 4 

Trial!D (gal/A) 3 (Jb ae!A) (days) (Jb ae/A) 

Morven, GA 2007 2.0 lb/gal 
Six overhead sprinkler 27,222-

GA$01 sc applications during fruit 4.99-5.01 29,959 l.l3-1.25 7 7.08 
development and maturation 

3.0 Jb/gal 
Six overhead sprinkler 27,011-

sc applications during fruit 3.5 29,803 
0.79-0.91 7 5.05 

development and maturation 

Dinuba, CA 2007 2.0 lb/gal Six overhead sprinkler 27,172-
CA$02 sc applications during fruit 5.0 27,271 I. I 3 6-8 6.78 

development and maturation 

3.0 Jb/gal 
Six overhead sprinkler 27,172-

sc applications during fruit 3.5 27,271 0.80 6-8 4.82 
development and maturation 

I c'd ' The two formulatiOns used are expressed m b a 1 equ1 alent/gal. The monoalkylamme salt Js a 2.0 lb aeJgal SC/L and the 
dipotassium salt is a 3.0 lb aeJgal SC!L. When applied according to the label directions, the maximum concentration for 
endothall (free acid) is 5 ppm for the monoalkylamine salt and 3.5 ppm for the dipotassium salt. 

2 The concentration ofendothall (in acid equivalents) in the irrigation water. No adjuvants were included in the irrigation water. 
l The target irrigation ra1c was l acre inch of water or 27,154 gallA. 

The equivalent field usc rates were calculated by the reviewer based on the concentration of the cndothall (ae), the application 
volume and plot size. 

s RTI "'" Retreatment Interval. 
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TABLE B.1.4. Trial Numbers and Geographical Locations. 

NAFTA Peaches 
Growing Requcsted 1 

Zones l Submitted 
Canada 

I -- --
2 I --
3 -- --
4 -- --
5 -- --
6 -- --
7 -- --
8 -- --
9 -- --
10 I --
II -- --
12 -- --
13 -- --
Total 2 --
Based on EPA OPPTS Guidehne 860.1500. 

z The number in brackets indicates a 25% reduction required to support a crop group tolerance. 
l Zones lA, 5 A and B, 7A and 14~21 were not included as 1he proposed use is for the U.S. only. 

B.2. Sample Handling and Preparation 

U.S. 

I 

4 

--
I 

I 

I 

--
--
--
4 

--
--
--

!2J9f 

Duplicate control and treated samples (.2:4.2 lb/sample, 24 fruits) of peaches were harvested at 0 
DAT (after the sixth application) and placed in frozen storage at the test facilities within 3.5 
hours. Samples were stored frozen at the field sites for 31-42 days prior to shipment by ACDS 
Freezer truck to the analytical laboratory, ALS Laboratory Group (Edmonton, AB, Canada) 
where they were stored at S.~l0°C until analysis. 

B.3. Analytical Methodology 

Residues of endothall (free acid) inion peaches were determined using a LC/MS/MS method 
(Method No. KP~242Rl) entitled "Analytical Method for Determination ofEndothall in Crops", 
issued 5/4/2007. 

For this method, residues were extracted twice by homogenization with water followed by 
centrifugation and filtering. Residues were then derivatized with HFTH in 500/o H3P04 at 100-
1200C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE, 
evaporated to dryness, and reconstituted in hexane:MTBE (I :1 v:v). Residues were then cleaned 
using an amine SPE cartridge eluted with methanol. Residues were analyzed by LC/MS/MS 
using external standards. The rniz 397-l-166 ion transition was used for quantifying residues. 
Residues are expressed in endothall acid equivalents. The validated LOQ for endothall in! on 
peaches is 0.05 ppm, and the estimated LOD was 0.0025 ppm. 
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The above method was validated prior to and in conjunction with the analysis of the field trial 
samples. Control samples of peaches were fortified with endothall at 0.05-5.0 ppm for method 
validation and at 0.05 ppm for concurrent recoveries. 

C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for determining residues of endothall in/on peaches was 
adequately validated prior to and in conjunction with the analysis of field trial samples. Method 
validation recovery averaged 104% with a standard deviation of 12%, and concurrent recoveries 
averaged 73% (Table C.l ). Apparent residues of endothall were non-detectable in/on control 
samples. Adequate sample calculations and example chromatograms were provided and the 
fortification levels used for method recoveries were similar in magnitude to the measured residue 
levels. 

Peach samples were stored frozen at:;:;~ I 0°C for up to 154 days prior to analysis (Table C.2). 
Adequate storage stability data are available indicating that endothall is stable in frozen tomatoes 
(acidic fruit) for up to 467 days (47520719.der, under review). These data will support the 
storage durations and conditions for the current field trials. 

Following six overhead sprinkler applications with irrigation water containing the 
monoalkylamine salt of endothall at 5 ppm, acid equivalents (6.78~ 7.08 lb ae/A/season), 
endothall residues were <0.05-0.160 ppm in/on 4 samples of peaches harvested at 0 DAT (Table 
C.3). Average endothall residues were 0.101 ppm, and the HAFT residues were 0.152 ppm 
(Table C.4). 

Following six overhead sprinkler applications with irrigation water containing the dipotassium 
salt of endothall at 3.5 ppm, acid equivalents ( 4.82-5.05 lb ae/A/season), endothall residues were 
<0.05-0.0.136 ppm in/on 4 samples of peaches harvested at 0 DAT. Average endothall residues 
were 0.089 ppm, and the HAFT residues were 0.127 ppm. No residue decline data was 
provided. 

Although average endothall residues were lower (0.9x) for the dipotassium salt than the 
monoalkylamine salt, direct comparison of the two formulations is not possible as the two 
formulations were applied at different rates. As requested by HED, the monoalkylamine salt was 
applied at 5 ppm acid equivalents; however, the dipotassium salt was applied at only 3.5 ppm 
acid equivalent, 0.7x the rate of the monoalkylamine salt. Although the dipotassium salt of 
endothall was applied according to label directions, using a concentration of 5 ppm ai for the 
irrigation water, this application rate did not take into account the acid equivalency of the 
dipotassium salt. 

Phytotoxicity was reported on the treated peach trees. Common cultural practices were used to 
maintain plants, and the weather conditions and maintenance chemicals and fertilizer used in this 
study did not have a notable impact on the residue data. 
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TABLEC.l. Summary of Method Validation and Concurrent Recoveries ofEndothall from Peaches. 

Matrix Spike Level Sample Size Recoveries Mean± Std. Dev. 1 

(ppm) ("l (%) (%) 

Method Validation 

0.05 3 91, 109,87 96± 12 

Fruit 
05 3 98, 116, 121 il2 ± 12 

5.0 3 97, 116, 106 106± 10 

Total 9 87·121 104 ± 12 

Concurrent Recoveries 

Fruit 0.05 2 I 74, 72 I 73 
Standard devmtJons were calculated only for datasets havmg 2::3 values. 

TABLEC.2. Summary of Storage Conditions. 

Matrix Storage Temperature Actual Storage Duration Interval of Demonstrated 
("C) (days)1 Storage Stability (days)< 

Peaches :";10 154 467 

' Interval from harves1to extractwn for analysJs. Extracts were stored up to 4 days pnor to analys1s. 
z Endothall is stable in frozen tomatoes for up to 467 days (47520719.der under review). 

TABLEC.3. Residue Data from Peach Field Trials with Endothall Salts (SC/L). 

TriallD Zone Variety Matrix 
Total Rate Pill Residues (ppm) 2• 3 

(City, State; Year) ppm lb ae/A (days) 

Morven, GA 2007 
2 Whit~;: Fruit 

5.0 7.08 0 (0.045) (0.043) 
GA$01 3.5 5.05 0 (0.043 (0.046) 

Dinuba, CA 2007 
10 Snow Princess Fruit 

5.0 6.78 0 0.144 0.160 
CAS02 35 4.82 0 0.118 0.136 

' The rate JS expressed both m terms of the concentratiOn m the JrngatJOn water (ppm) and the total amount (lb atiA) appl1ed. 
The application concentrations were 5 ppm ae for the monoalkylamine salt and 35 ppm ae for the dipotassium salt. 

l- Expressed in endothall acid equivalents. The LOQ is 0.05 ppm, and the estimated LOD is 0.0025 ppm. Residue <LOQ, but 
2::LOD are listed in parentheses. 

3- The two results for each field trial represent two samples taken from a single plot, not two plots. 

Commodity 

Fruit 

Fruit 

lb ae/A 

End-Use 
Product 

Monoalkyla 
mine salt 

'" 

5 ppm 
(6.78-7.08) 

0 

" Min. Max. HAFT 3 

2 0.044 0.152 0.152 

0.127 0.127 

Std. 
Dev. 

0.098 0.098 0.076 

0.086 0.086 0.058 

li rate 

l- Residues are expressed in terms of the free acid. 
3 HAFT"" Highest Average Field Trial. 

The LOQ is 0.05 ppm. The LOQ was used for all values reported :s;LOQ. 

DP# 356315/MRID No. 47520710 Page9of1h0'~ J 



~·I EndoihalV03890i/Interregional Research Projecl No.4 
~-'--'-: •• ,.. DACO 6.4, 7.4, 7.8/0PPTS 860.1400/0ECD lilA 8.4.3 and lilA 8.3 

· Water, Fish, and Irrigated Crops- Irrigated Peaches 

D. CONCLUSION 

The available field trial data are adequate and support the use of endothall~treated water for 
irrigation of peaches. The data support the use of the monoalkylamine salt of endothall tn 
irrigation water at a concentration of 5 ppm ae and the use of the dipotassium salt of endothall in 
irrigation water at a concentration of3.5 ppm ae. No more that six applications of treated water 
should be made per season with a minimum 7~day interval between applications to the water. 
Residues on peaches are determined at a 0-day PHI. 

E. REFERENCES 

None 

F. DOCUMENT TRACKING 

RDI: David Soderberg (5 June 2009); William Donovan (5 June 2009) 
Petition Number: 8E7419 
DP#: 356315 
PC Code: 038901,038904, and 038905 

Templale Version June 2005 
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Primary Evaluator 

Approved by 

This DER was originally prepared under contract by Dynamac Corporation ( 1910 Sedwick Road, 
Building 100, Suite B, Durham, NC 27713; submitted 3/27/2009). The DER has been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

47520711. Arsenovic, M. (2008) Endothall (Hydrotholl91): Magnitude of the Residue on Berry 
Group: Lab Project Number: 29770. Unpublished study prepared by Interregional Research 
Project No.4. 180 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No.4 (IR-4) submitted field trial data reflecting the exposure of 
blueberries and blackberries to endothall through the use of treated irrigation water. In a 
blueberry and blackberry field trial conducted during 2007 in Zones 5 and 11, respectively, a 2.0 
lb ae/gal soluble concentrate (SCIL) formulation of endothall (monoalkylamine salt) was used to 
treat the irrigation water at a rate of 5 ppm. [In order to avoid the complications of different 
molecular weights for different salts, endothall concentrations are expressed as the free acid 
equivalents (ae).] The treated water was applied to the berry crops during fruit development and 
maturation as six broadcast foliar applications using overhead sprinklers, at retreatment intervals 
(RT!s) of 6-8 days. A volume equivalent to -1 acre inch of water (27,154 gal/A) was applied for 
each application. Based on the concentration of the endothall and the amount of water applied, 
the application rates for endothall were equivalent to 1.12-1.13 lb ae/Aiapplication, for a total of 
6. 73-6.77 lb ae/ A/season. 

Single control and duplicate treated samples of blueberries and blackberries were harvested from 
the respective tests on the day of the final application (0 days after treatment, DAT), and samples 
were stored at :::;:-l8°C for up to 98 days prior to analysis. Adequate storage stability data are 
available to support the duration and conditions of sample storage. 

Residues of endothall (free acid) inion berry samples were determined using an adequate 
LC/MS/MS method (Method No. KP-242Rl). For this method, residues were extracted with 
water and then derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H3P04. The 
derivatized residues were cleaned up by partitioning into methyl t-butyl ether (MTBE) and 
elution through an amine solid phase extraction (SPE) cartridge. Residues were then analyzed 
by LCJMS/MS using external standards for quantitation. Residues are expressed in endothall 
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acid equivalents. The validated limit of quantitation (LOQ) for endothall inion berries is 0.05 
ppm. 

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm 
(6. 73-6.77 lb ae/ A/season), endothall residues at 0 DAT were 0.158 and 0.197 ppm inion 2 
samples of blueberry and 0.311 and 0.346 ppm inion 2 samples of blackberry. The average 
residues were 0.177 and 0.328ppm for blueberries and blackberries, respectively. No residue 
decline data was provided. 

STUDYIW AIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS: 

Under the conditions and parameters used in the study, the berry field trial residue data are 
classified as scientifically acceptable. Although limited field trials were performed, these 
applications are expected to be conservative relative to actual inadvertent applications. The 
acceptability of this study for regulatory purposes is addressed in the forthcoming U.S. EPA 
Residue Chemistry Swnmary Document, DP# 356315. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUND INFORMATION 

Endothall [7-oxabicyclo(2,2,1J heptane-2,3-dicarboxylic acidJ is a selective contact herbicide, 
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class. 
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding 
period. They arc also registered for desiccation! defoliation of alfalfa/clover (grown for seed 
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops. 
Permanent tolerances are established for the combined residues of endothall and its monomethyl 
ester at 0.1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm inion rice 
grain and straw [40 CFR §180.293(a)(l)]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419), 
IR-4 has submitted field trial data reflecting irrigation of black berries and blueberries with 
endothall-treated water. The chemical structure and nomenclature of endothall and its 
monoalkylamine salt are listed in Table A. I. The physicochemical properties of technical grade 
endothall and its monoalkylamine salt are listed in Table A.2. 
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Table A.l. Nomenclature of Endothall and its Monoalkylamine Salt. 

Chemical Structure 0 

( OH 

OH 

0 
Common name Endothall 
Molecular Formula CsHwOs 
Molecular Weight 186.16 
IUPAC name 7-oxabicyclo 2.2.1]heptane·2,3-dicarboxylic acid 
CAS name 7-oxabic clo 2.2.1 he tane-2,3-dicarbox •lie acld 
CAS# 145-73-3 
PC Code 038901 
Current Food/Feed Site Cotton, hops. potato, alfalfa grown for seed 
Registration 
Chemical Structure 0 

( 
- H,c 

0 \ . 
OH 1

N-CHin)CH3 

H,C 

0 (n=7-17) 

Common name Endothall, mono-N,N-dimethylalkyl amine salt 
Molecular Formula Not avallable 
Molecular Weight Avera e: 422 
IUPAC name 7-oxabicyclo[2.2.1 heptane-2,3-dicarboxvlic acid, compound with N,N-dimethvlcocoamine 
CAS name Not available 
CAS# 66330-88-9 
PC Code 038905 
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed, aquatic uses 
Re~<istration 

Table A.2. Physicochemical Properties ofEndothall and Us Monoalkvlamine Salt. 

Parameter Value Reference 

Endothall (acid 
Melting point 108·1 10't D187593, D187590, and DI87588, 

515193, K. Dockter 
pH 2.7 at 25't (I% solution} Dl87593, Dl87590, and Dl87588, 

515193, K. Dockter 
Density, bulk density, or specific 0.481 glcm' (bulk} at 25't D187593, D187590, and Di87588, 

ravltv 515/93, K. Dockter 
Water solubility at 25't 109.8 giL D166798, 7/2/92, K. Dockter 

13.1 g!IOO mL in wa1cr, pH 5 D207011, 9/30/94, F. Toghrol 
12.7 g/100 mL in wa1er, pH 7 
12.5 iJIOO mL in water: PH 9 

Solvent solubility at 25't 3.4 g/100 mL in acetonitrile D2070 II, 9130194, F. Toghrol 
2.4 g/100 mL in n-ocianol 
16.0 1!1100 mL in tetrahvdrofuran 

Vapor pressure 3.92 x 10'5 mm H11: at 24.3't D166798, 7/2192, K. Dockter 
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Table A.2. Physicochemical Properties of Endothall and Its Monoalkylamine Salt. 

Parameter Value Reference 

Dissociation constant, pK, 4.32 for Step 1 and 6.22 for Step 2 at 20't (0.2% D188708, 5/3/93, K. Dockter 
solution in 20% basic ethanol); dissociation rate 
1.8-2.3 x 101 ~J.mho within 3-5 minutes at 025't, 
by conductivity meter 

Octanol/water panilion coefficient Not applicable to endothall acid DI66798, 7/2/92,K. Dockter 
UV /visible absorption spectrum Not available 

Endotball mono-N,N-dimethylalkyl amine salt 
Boilin oint Not available 
pH 5.2 at 25\:: (1% solution) D187593, 0187590, and D187588, 

5/5!93, K. Dockter 
Density, bulk density, or specific 1.028 glmL at 25 't Dl87593, D187590, and Dl87588, 

'gravity 515193, K. Dockter 
Water solubility at 25"c <;:49.2 g/100mL in water, pH 5 0210814,819195, S. Knizner 

;::St.~ ~:oo mL in water, pH 7 
>49.8 100 mL in water, PH 9 

Solvent solubility at 25't <;:102.5 gllOOmL in acetonitrile 02 t08!4, 8/9/95, S. Knizner 
<:::95.4 g/100 mL in n-octanol 
>I 04.3-gt!OO mL in \etrahydrofuran 

Vapor pressure 2.09 X !0'5 mm Hg at 25't (calculated; mixed 
mono- and dialkvlamine (C8-C2(i).) 

D206344, 9/22/94, F. Toghrol 

Dissociation constant, pK, 4.24 for Step I and 6.07 for Step 2 at 20't for D198885, 417194, F. Toghrol 
mixed mono- and dialkylamine (C8-C20) in 
acidified ethanol/water; dissociation complete 
0 17 minutes (1. 7 x 103 iJ.mho) at 25 't 

Octanol/water partition coefficient Kow 2.097 at concentrations of8.9 x 10· M and D209995, 1/20/95, L. Edwards 
8.9 X ]0'4 M, at 25't 

UV /visible absorption spectrum Not available 

B. EXPERIMENTAL DESIGN 

B. I. Study Site Information 

Two field trials were conducted on blueberries and blackberries in Zones 5 and 11, respectively, 
during 2007 (Table B.l.l). The irrigation water used in each test was treated with endothall (2.0 
lb ae/gal SC monoaJkylamine salt) at a concentration of ~5 ppm, acid equivalent. The treated 
water was applied to each crop during fruit development and maturation as six broadcast foliar 
applications using overhead sprinklers, at RTis of 6-8 days. A volume equivalent to~ 1 acre inch 
of water (~27,000 gal/A) was applied for each application. Based on the concentration of the 
endothall and the amount of water applied, application rates for endothall were equivalent to 
LI2- Ll 3 lb ae/ A/application, for a total of 6.73-6.77 lb ae/A/season (Table B. 1.3). These 
applications are expected to be conservative relative to actual applications. 

TABLE 8.1.1. Trial Site Conditions. 

Trial identification (City, State; Year) 
Soil characterislics1 

Type %OM pH CEC (meqllOOg) 

Conklin, Ml 2007 Loam 2.1 4.5 12.8 
Ml$32 

Hillsboro, OR2007 Silt Loam 2.9 6.0 t2.8 
OR$41 

These parameters are opt10nal except m cases where the1r value affects the use pattern for the chem1cal. 
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TABLE B.l.2. Water Characterization. 

Study site 
Water characteristics 

Typo HardncssfSa!inity pH 

Conklin, Ml 2007 Well NR NR Ml$32 

Hillsboro, OR 2007 Well NR NR 
OR$4! 

NR not reported. 

Turbidity Dissolved OM 

NR NR 

NR ~R 

The actual temperature recordings and rainfall were typical for each site and no unusual weather 
conditions were reported. No additional irrigation was reported during the study period. The 
tests were conducted according to normal agricultural practices for the regions, and information 
was provided on maintenance pesticides and fertilizers used at each site. No information was 
provided on the characteristics of the water used for irrigation, other than the source (Table 
B.l.2). 

TABLE 8.1.3. Study Use Pattern. 

Location Application Information 
(City, State; End-Use 
Year) Product Method; Timing Concen. 1 Volume Single Rate RTI~ Total Rate 

Trial ID (gallA)~ (lb ae/A) l (days) (!b ae/A) l 

Blueberry 

Conklin, MI 2007 Six broadcast foliar 

I 
Ml$32 2.0 lb/gal application during fruit 

4.98-5.00 27,154-
113 7-8 6.77 sc development using 27,160 

overhead sprinklers. 

Blackberry 

Hi!!sboro, OR Six broadcast foliar 
2007 2.0 !b/ga! application during fruit 

4.99-5.00 27,086 1.12 6-7 6.73 OR$41 sc development using 
overhead sprinklers. 

The concentratiOn of en doth all (m ac1d equivalents) m the 1rngat10n water. No adJuvants were mcluded m the 1rt1gat1on water. 
The target irrigation rate was I acre inch ofwater or 27,t54 gail A. 

1 The equivalent field use rates were calculated by the reviewer based on the concentration of the endotha!l (ae), the application 
volume and plot size. 
RTI "'Retreatment Interval. 
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TABLE B.1.4. Trial Numbers and Geographical Locations. 

NAFTA Blueberry (high bush) Blackberry (or any raspberry) 
Growing Submitted Requested 1 Submitted 
Zones2 

Canada U.S. 

I -- -- I --
2 -- -- 2 --
3 -- -- -- --
4 -- -- -- --
5 I -- 2 --
6 -- -- -- --
7 -- -- -- --
8 -- -- -- --
9 -- -- -- --
10 -- -- -- --
II -- -- -- --
12 -- -- I I 

13 -- -- -- --
Total I -- 6 I 

• Based on EPA OPPTS GuJdelme 860.1500. lnd1cates a 25 Yo reduchon for a crop group . 
2 Zones lA, 5A and 8, 7A and 14·20 were not included as the use is for U.S. only. 

B.2. Sample Handling and Preparation 

Requested 1 

Canada 

--
--
--
--
--
--
--
--
--
--
--
--
--
--

U.S. 

--
I 

--
--
--
I 

I 

3 

Blackberries and blueberries were harvested at 0 DAT (after the sixth application). Duplicate 
control and treated samples of berries (2;2.5 lbs/sample) were collected from each test and placed 
in frozen storage at each test facility within l hour. Samples were stored frozen at the field sites 
for 5-26 days. Samples were then shipped by ACDS freezer truck to the analytical laboratory, 
United Phosphorus, Inc. (King of Prussia, PA), and stored at ~·18EC until analysis. 

B.3. Analytical Methodology 

Residues of endothall (free acid) inion berries were determined using a LC/MS/MS method 
(Method No. KP·242R1) entitled "Analytical Method for Determination ofEndothall in Crops", 
issued 51412007. 

For this method, residues were extracted twice by homogenization with water followed by 
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3P04 at 100-
1200C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE, 
evaporated to dryness, and reconstituted in hexane:MTBE (1 :1 v:v). Residues were then cleaned 
using an amine SPE cartridge eluted with methanol:MTBE (1 :4). Residues were analyzed by 
LC/MS/MS using external standards. The mlz 397-d66 ion transition was used for quantifying 
residues. Residues are expressed in endothall acid equivalents. The validated LOQ for endothall 
in/on berries is 0.05 ppm. An LOD of0.00001 ppm was reported; however, this value was the 
instrument LOD, rather than the LOD of residue in a control matrix. 
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The above method was validated prior to and in conjunction with the analysis of the field trial 
samples. Control samples of blackberries were fortified with endothall at 0.05-5.0 ppm for 
method validation, and control samples ofblackberries and blueberries were fortified with 
endothall at 0.05-l.O ppm for concurrent recoveries. 

C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for determining residues of endothall inion berries was adequately 
validated prior to and in conjunction with the analysis of field trial samples. The average method 
validation recovery was 93% with a standard deviation of5% for blackberry (Table C.l). The 
average concurrent recovery was 85% for blueberry and 76% for blackberry. Apparent residues 
ofendothall were <LOQ in/on control samples of berries. Adequate sample calculations and 
example chromatograms were provided, and the fortification levels used for the method 
recoveries were similar in magnitude to the measured residue levels. 

Blueberry and blackberry samples were stored at <-l8°C for up to 98 and 85 days, respectively, 
prior to analysis (Table C.2). Adequate storage stability data are available indicating that 
endothall is stable in frozen tomatoes for up to 467 days (47520719.der, under review). These 
data will support the storage durations and conditions for the current field trials. 

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm 
(6.73-6.77 lb ae/A/season), endothall residues at 0 DAT were 0.158 and 0.197 ppm inion 2 
samples of blueberry and 0.311 and 0.346 ppm inion 2 samples of blackberry (Table C.3). The 
average residues were 0.177 ppm for blueberries and 0.328 ppm for blackberries (Table C.4). 
No residue decline data was provided. 

No phytotoxicity was noted on the treated crops. Common cultural practices were used to 
maintain plants, and the weather conditions and maintenance chemicals and fertilizer used in this 
study did not have a notable impact on the residue data. 

TABLE C.l. Summary of Method Validation and Concurrent Recoveries ofEndothall from Berries 

Matrix Spike Level Sample Size Recoveries Mean± Std. Dev. 
(ppm) (") (%) (%) 

Method Validation 

0.05 3 93,93, 93 93 ± 0 

Blackberry 
0.5 3 92, 93, 103 96 ± 6 

5.0 3 85, 91, 94 90± 5 

Total 9 85-103 93 ±5 

Concurrent Recoveries 

0.05 I 83 83 
Bluebeny 0.5 I 87 87 

Total 2 83-87 85 
0.05 I 79 79 

Blackberry 1.0 I 73 73 

Total 2 73-79 76 
> Standard devJatJOns are calculated for data sets havmg ~3 values. 
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TABLEC.2. Summary of Storage Conditions. 

Matrix Storage Temperature Actual Storage Duration 
(OC) (days)1 

Blueberry .:S--18 
98 

Blackberry 85 
Interval from harvest to extractiOn for ana\ys1s. Extracts were stored up to l day pnor to analysiS. 

2 Endothall is stable in frozen tomatoes for up 10 467 days (47520719.der under review). 

Interval ofDemonslrated 
Storage Stability 

(days)~ 

467 

TABLE C.3. Residue Data from Crop Field Trials with Endothall Monoalky!amine Salt (SC/L). 

Trial ID Total Rate 1 
PHI 

(CiJy, State; Year) Zooe Crop; Variety Matrix 
{days) Residues {ppm) 2• 1 

ppm lb ae/A 

Conklin, Ml 2007 
5 

Blueberry: Blue Fruit 5.0 6.77 0 0.\58 0.\97 
Ml$32 Ray (High bush) 

Hillsboro, OR 2007 
12 

Blackberry 
Fruit 5.0 6.73 0 0.3 l I 0.346 OR$41 {Boysen) 

The rate Js expressed both m tenns of the concentratiOn m the 1mgatwn water (ppm) and the total amount (Jb ae1A) applied. 
Expressed in acid equivalents. The LOQ is 0.05 ppm. 

J The two results for each field trial represent two samples taken from a single plot, not lwo plots. 

TABLEC.4. Summary of Residue Data from Berry Field Trials with Endothall Monoamine Salt (SC/L). 
FIX 

Total Applic. Pill 
Residue Levels (ppm)~ 

Commodity 
{days) HAFTJ Median Mean Rate 

" Min. Max. Sid. Oev. {SThldR) (STMR) 

Blueberry 
5.0 ppm 

0 I 0 .. 177 0.177 (6.77) 

Blackberry 
5.0 ppm 

0 I 0.328 0.328 (6.73) 

The value Jn parentheses JS the total application rate m terms oflb ae/A. 
~ Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm 

HAfT= Highest Average Field Trial. 

D. CONCLUSION 

0.177 0.177 0.177 'N!A 

0.328 0.328 0.328 N/A 

The available field trial data are adequate and support the use of endothall-treated water for 
irrigation of berry crops. The data support the use of endothall in irrigation water at a 
concentration of 5 ppm ae, with no more that six applications per season and a minimum 7-day 
interval between applications to the water. Residues on the berry crops were determined at a 0-
day PHI. 

E. REFERENCES 

None 
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This DER was originally prepared under contract by Dynamac Corporation (191 0 Sedwick Road, 
Building 100, Suite B, Durham, NC 27713; submitted 3/31/2009). The DER has been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

47520714. Arsenovic, M. (2008) Endothall (Hydrotholl91): Magnitude of the Residue on 
Grass, Forage, Fodder and Hay Group: Lab Project Number: Z9760. Unpublished study prepared 
by Interregional Research Project No. 4. 509 pages. 

EXECUTIVE SUMMARY: 

lnterregional Research Project No.4 (lR-4) submitted field trial data reflecting the exposure of 
grass to endothall through the use of treated irrigation water. A total of six grass field trials were 
conducted in Zones 4, 6, 11 and 12 during 2006 and 2007, including 2 field trials each on 
bluegrass, Bermuda and fescue grass. In each test, a 2.0 lb aelgal soluble concentrate (SC/L) 
formulation of endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 
5 ppm ae. [In order to avoid the complications of different molecular weights for different salts, 
endothall concentrations are expressed as the free acid equivalents (ae).] The treated water was 
applied to the grass during vegetative development as six broadcast foliar applications using 
overhead sprinklers, at retreatment intervals (RTis) of 6-10 days. A volume equivalent to -1 
acre inch of water (27,154 gallA) was applied for each application. Based on the concentration 
of the endothall in the irrigation water and the amount of water applied, the application rates for 
endothall were equivalent to I. 11-1.17 lb ae/A/application, for a total of 6.64-7.02 lb 
ae/ A/season. 

Duplicate control and treated samples of grass forage and hay were harvested on either the day of 
the final application (0 DAT) in the fescue tests, at 1 DAT in the Bermuda grass tests, or at 1-2 
DAT in the bluegrass tests. The forage samples were collected immediately after harvest, and 
the hay samples were field-dried for 2-6 days prior to collection. After collection, samples were 
stored at ::S-1 0°C for up to 440 days prior to analysis. Adequate storage stability data are 
available to support the duration and conditions of sample storage. 

Residues of endothall (free acid) in/on grass forage and hay were determined using an adequate 
LC/MS/MS method (Method No. KP-242Rl). For this method, residues were extracted v.rith 
water and then derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H3P04. The 
derivatized residues were cleaned up by partitioning into methyl t-butyl ether (MTBE) and 
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elution through an amine solid phase extraction (SPE) cartridge. Residues were then analyzed 
by LC/MS/MS using external standards for quantitation. Residues are expressed in endothall 
acid equivalents. The validated limit of quantitation (LOQ) for endothall inion forage and hay is 
0.05 ppm. 

Following six overhead sprinkler applications with irrigation water containing endotball at 5 ppm 
(6.64-7.02 lb ae/A/season), endothall residues were 1.70-2.86 ppm in/on 12 forage samples and 
5.34-14.2 ppm inion 12 hay samples harvested at 0-2 DAT. Average endothalJ residues were 
2.21 ppm for forage and 8.77 ppm for hay, and the highest average field trial (HAFT) residues 
were 2.73 ppm for forage and 13.65 ppm for hay. No residue decline data were provided. 

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS: 

Under the conditions and parameters used in the study, the field trial residue data are classified 
as scientifically acceptable. Although limited field trials were performed, these applications are 
expected to be conservative relative to actual inadvertent applications. The acceptability of this 
study for regulatory purposes is addressed in the forthcoming U.S. EPA Residue Chemistry 
Summary Document, DP# 356315. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUND INFORMATION 

Endothall [7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide, 
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class. 
The free acid of endothal! (PC Code 038901) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. , including irrigation canals. They are also registered for 
desiccation/ defoliation of alfalfa/clover (grown for seed only), cotton, and potatoes prior to 
harvest, and for reduction of sucker branch growth in hops. Permanent tolerances are established 
for the combined residues of endothall and its monomethyl ester at 0.1 ppm in/on cotton seeds, 
fish, dried hops and potatoes, and at 0.05 ppm inion rice grain and straw [40 CFR 
§ 180.293(a)(1)]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8£7419), 
IR-4 has submitted field trial data reflecting irrigation of grass with endothall-treated water. The 
chemical structure and nomenclature of endothall and its monoalkylamine salt are listed in Table 
A. I. The physicochemical properties of technical grade endothall and its mono alkylamine salt 
are listed in Table A.2. 
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Table A. I. Nomenclature ofEndothali and its Monoalkvlamine Salt. 
Chemical Structure 0 

( OH 

OH 

0 
Common name Endothall 
Molecular Formula C8Hw0s 
Molecular W~ight 186.16 
lUPAC name 7-oxabic clo[2.2.1 he tane-2,3-dicarbox lie acid 
CAS name 7-oxabicyclo 2.2.1 he tane-2,3-dicarbox lie acid 
CAS# 145-73-3 
PC Code 038901 
Current Food/Feed Site Re istration Cotton, ho s, otato, alfalfa rown for seed 
Chemical Structure 0 

- H,C 
0 \ . 

N-CH
2
(n)CH

3 OH I 
H,C 

0 (n~7-J7) 

Common name Endothall, mono-N,N-dimethylalkyl amine salt 
Molecular Formula Not available 
Molecular Wei ht Avera e: 422 
IUPAC name 7-oxabicyclo[2.2.1 ]heptane-2,3-dicarboxylic acid, compound with N,N-

dimethylcocoamine 
CAS name Not available 
CAS# 66330-88-9 
PC Code 038905 
Current Food/Feed Site Re istration Cotton, hops, potato, alfalfa own for seed, aquatic uses 
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Table A.2. Physicochemical Properties of Endothall and Its Monoalkylaminc Salt. 

Parameter Value Reference 

Endothall (acid) 
Melting point 108-llO't Dl87593, D187590, and Dl87588, 

5/5/93, K. Dockter 
pH 2. 7 at 25't (I% solution) Dl87593, Dl87590, and Dl87588, 

5/5/93, K. Dockter 
Density, bulk density, or specific 0.481 g/cm3 (bulk) at25't Dl87593, DI87590, and Dl87588, 
gravity 515193, K. Dockter 
Water solubility at 25't 109.8 giL DI66798, 7/2/92, K. Dockter 

13.1 gi!OO mL in water, pH 5 D207011, 9/30/94, F. Toghrol 
12.7 gi!OO mL in water, pH 7 
12.5 "gttoo mL in water, pH 9 

Solvent solubility at25't 3.4 g/100 mL in acetonitrile D207011, 9/30/94, F. Toghrol 
2.4 gil 00 mL in n-octanol 
16.0 100 ml.. in letrahvdrofuran 

Vapor pressure 3.92 x 10·~ mm Hg_at 24.3't 0166798, 7/2/92, K. Dockter 
Dissociation constant, pK. 4.32 for Step I and 6.22 for Step 2 at 20't (0.2% 0188708, 5!3193, K. Dockter 

solution in 20% basic ethanol); dissociaJ.ion rate 
1.8-2.3 x 101 11mho within 3-5 minutes at C25't, 
by conductivity meter 

Oclanol/water_partition coefficient Not a licable to endothall acid Dl66798, 7f2/92, K. Dockter 
UV /visible abso tion s ectrum Not available 

Endothall, mono-N,N-dimethylalkvl amine salt 
Bailin~ point Not available 
pH 5.2 at25't (I% solution) 0187593, DI87590, and 0187588, 

5/5/93, K. Dockter 
Density, bulk density, or specific 1.028 g/mL at 25 't DI87593, Dl87590, and 0187588, 

ravity 515193, K. Dockter 
Water solubility at 25't :,::49.2 gllOOmL in water, pH 5 D210814, 8/9/95, S. Knizner 

?:51.6 g/100 mL in water, pH 7 
>49.8 2wo mL in water, oH 9 

Solvent solubility at 25't :::102.5 gllOOmL in acetonitrile 02108 t4, 819!95, S. Knizner 
.?:95.4 g/100 mL in n-octanol 
>104.3~ g/100 mL in tetrahydrofuran 

Vapor pressure 2.09 x 10"5 mm Hg at25't (calculated; mixed D206344, 9/22/94, F. Toghrol 
mono- and dialkylamine (C8-C20)) 

Dissociation constant, pK. 4.24 for Step I and 6.07 for Step 2 at 20't for Dl98885, 417/94, F. Toghrol 
mixed mono- and dialkylamine (C8-C20) in 
acidified ethanol/water; dissociation complete 
017 minutes (1.7 x 103 1-1mho) at 25't 

Octanol/water partition coefficient Kow 2.097 at concentrations of8.9x 10·J M and D209995, 1120!95, L. Edwards 
8.9x!0-4M,at25't 

UV /visible absorption spectrum Not available 

B. EXPERIMENTAL DESIGN 

B.l. Study Site Information 

A total of six grass field trials were conducted in Zones 4, 6, 11, and 12 during 2006 and 2007, 
including two field trials each on bluegrass, Bermuda and fescue grasses (Table B.l.l ). The 
irrigation water used in each test was treated with endothall (2.0 lb ae/gal SC monoalkylamine 
salt) at a concentration of -5 ppm, acid equivalent. The treated water was applied to the grass 
during vegetative development as six broadcast foliar applications using overhead sprinklers, at 
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RTis of6-10 days. A volume equivalent to -1 acre inch of water (-27 ,154 gal/A) was applied 
for each application. Based on the concentration of the endothall and the amount of water 
applied, application rates for endothall were equivalent to 1.11-1.17 lb ae/A/application, for a 
total of6.64-7.021b ae/A/season (Table B.l.3). Although limited field trials were performed, 
these applications are expected to be conservative relative to actual inadvertent applications. 

TABLE B.l.l. Trial Site Conditions. 
Soil characteristics 1 

Trial Identification (City, State; Year) 
Type %OM pH CEC (meq/IOOg) 

Lecompte, IA 2006 
Silt loam 0.6 7.6 11.7 

LA$12 

East Bernard, TX 2006 
Clay 2.3 6.3 27.1 

TX$14 

Ephrata, WA 2006 
Loamy sand l.O 7.4 12.4 

WA$15 

Newport, SR 2007 
Silt loam 1.6 6.6 7.9 

AR$37 

Alexandria, LA 2006 Silty clay loam NR NR NR 
LA$13 

Hillsboro, OR 2007 
Silt1oam 2.3 63 16.0 

OR$38 
These parameters are optlonal except m cases where the1r ...alue affects the use pattern for the chem1cal. 

TABLE B.1.2. Water Characterization. 

Study site 
Water characteristics 

Type Hardness/Salinity pH Turbidity Dissolved OM 

Lecompte, LA 2006 
Well NR NR NR NR 

LA$12 

East Bernard, TX 2006 Well NR NR NR NR 
TX$14 

Ephrata, WA 2006 
Well NR NR NR NR 

WA$15 
Nevrport, SR 2007 

City water NR NR NR NR 
AR$37 

Alexandria, LA 2006 Well NR NR NR NR 
LA$13 

Hillsboro, OR 2007 
Well NR NR NR NR 

OR$38 
NR not reported. 

The actual temperature recordings and rainfall were typical for each site and no unusual weather 
conditions were reported. No irrigation was reported during the study period. The tests were 
conducted according to normal agricultural practices for the regions, and information was 
provided on maintenance pesticides and fertilizers used at each site. No information was 
provided on the characteristics of the water used for irrigation, other than the source (Table 
B.l.2). 
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TABLE B.1.3. Study Use Pattern. 

Location End-Use 
Application Information 

(City, State; Year) 
Product Method; Timing Concen. 1 Volume Single Rate RTI 4 Total Rate 

Trial 1D (gal/A) 2 (Jb ae/A) 3 (days) (Jb ae/A) 1 

Lecompte, LA 2006 Six broadcast foliar 
LA$12 2.0 lb ae/gal 

application during 
28,212· 

SC/L 
vegetative development 5.0 

28,291 
l.l7 6-7 7.02 

using overhead 
sprinklers. 

East Bernard, TX Six broadcast foliar 
2006 2.0 lb ae/gal 

application during 
27,078-

TX$14 SCIL 
vegetative development 5.0 

27,114 
J. I 3 6-8 6.75 

using overhead 
sprinklers. 

Ephrata, WA 2006 Six broadcast foliar 
WAS15 

2.0 Jb ae/gal 
application during 
vegetative development 5.0 26,715 l.ll 7 6.64 

SCIL 
using overhead 
sprinklers. 

Newport, SR 2007 Six broadcast foliar 
AR$37 2.0 Jb ae/gal 

application during 
27,152-

vegetative development 5.0 1.13 7-10 6.76 
SC/L using overhead 

27,173 

sprinklers. 

Alexandria, LA Six broadcast foliar 
2006 

2.0 lb ac/gal 
application during 

28,257-
LA$13 SCIL 

vegetative development 5.0 
28,272 

1.17 6-7 7.00 
using overhead 
sprinklers. 

Hillsboro, OR 2007 Six broadcast foliar 
OR$38 2.0 lb aelgal 

application during 
vegetative development 5.0 27,086 J.J2 7 6.73 

SC/L 
using overhead 
sprinklers. 

The concentration of endothall (m ac1d equiValents) m the 1mgauon water. No adjuvants were mcluded m the 1mgat1on water. 
The target irrigation rate was I acre inch of water or 27,154 gal/A 

1 The equivalent field use rates were calculated by the reviewer based on the concentration ofthe endothall (ae), tbe application 
volume and plot size. 

4 RTI "'Retreatment In!erval. 
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TABLE B.I.4. Trial Numbers and Geographical Locations. 

Grass 

NAFT A Growing Zones1 
Submitted Requested 1 

Canada u.s. 
I -- -- --
2 -- -· " 

3 " " " 

4 3 " " 

5 " " " 

6 I " " 

7 " " " 

8 -· " " 

9 " " " 

10 " " " 

" I " " 

12 I " " 

13 " " " 

Total 6 " 12' 

' Based on EPA OPPTS Gutde!me 860.1500. 
2 Guidelines do not speeify zones for grass trials. 
1 Regions !A, SA and B, 7A and 14-21 are not included in this table as the proposed use is for the U.S. only. 

B.2. Sample Handling and Preparation 

Duplicate control and treated samples of forage (2:2.2 lb/samples) and hay (2:1.0 lb/samples) 
were harvested from each test site. The samples were cut at 0 DAT in the fescue tests, 1 DAT in 
the Bermuda grass tests, and 1-2 DAT in the bluegrass tests. The forage samples were frozen 
within 1.5 hours of collection, and the hay samples were field-dried for 2-6 days to a moisture 
content of 10-20% prior to collection and freezing. Samples were stored frozen at the field sites 
for 7-37 days. Samples were then shipped by ACDS freezer truck to the analytical laboratory, 
ALS Laboratory Group (Edmonton, AB, Canada), and stored frozen (::S·I OEC) prior to analysis. 

B.3. Analytical Methodology 

Residues of endothall (free acid) in/on grass forage and hay were determined using a LC/MS/MS 
method (Method No. KP-242Rl) entitled "Analytical Method for Determination ofEndothall in 
Crops", issued 5/4/2007. 

For this method, residues were extracted 2 or 3 times by homogenization with water followed by 
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3P04 at 1 QQ. 

120°C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE, 
evaporated to dryness, and reconstituted in hexane:MTBE (1: I v:v). Residues were then cleaned 
using an amine SPE cartridge eluted with methanol. Residues were analyzed by LC/MS/MS 
using external standards. The m/z 397-d66 ion transition was used for quantifying residues. 
Residues are expressed in endothall acid equivalents. The validated LOQ for endothall in/on 
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forage and hay is 0.05 ppm. An LOD of0.000025 ppm was reported; however, this value was 
the instrument LOD, rather than the LOD of residues in a control matrix. 

Control samples of forage and hay were fortified with endothall at 0.05-5.0 ppm for method 
validation and at 0.05-15.0 ppm for the concurrent recoveries. 

C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for determining residues of endothall inion grass forage and hay 
was adequately validated prior to and in conjunction with the analysis of field trial samples. The 
average method validation recoveries (±SD) were 92 ± 17% for forage and 86 ± 5% for hay 
(Table C.l ). Average concurrent recoveries (±SD) were 92 ± 13% for forage and 86 ± 7% for 
hay. Apparent residues of endothall were <LOQ in/on all control samples of grasses. Adequate 
sample calculations and example chromatograms were provided, and the fortification levels used 
for the method recoveries were similar in magnitude to the measured residue levels. 

Forage and hay samples were stored at <-10°C for up to 404 and 440 days, respectively, prior to 
analysis (Table C.2). Adequate storage stability data are available indicating that endothall is 
stable in frozen lettuce, com grain and sugar beet roots for up to 465 days (47520719.der, under 
review). These stability data will support the storage durations and conditions for the current 
grass field trials. 

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm 
(6.64-7.02lb ae/Nseason), endothall residues were 1.70-2.86 ppm inion 12 forage samples and 
5.34-14.2 ppm inion 12 hay samples harvested at 0-2 DAT (Table C.3). Average endothall 
residues were 2.21 ppm for forage and 8.77 ppm for hay, and the HAFT residues were 2.73 ppm 
for forage and 13.65 ppm for hay (Table C.4). No residue decline data were provided. 

Phytotoxicity was reported in the treated plot at one field site (W A$15), and consisted of stunting 
and slight chlorosis. Common cultural practices were used to maintain plants, and the weather 
conditions and maintenance chemicals and fertilizer used in this study did not have a notable 
impact on the residue data. 
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TABLE C.l. Summary of Method Validation and Concurrent Recoveries of Endothall from Grass. 

Matrix Spike Level Sample Size Recoveries Mean± Std. Dev. 
(ppm) (o) (%) (%) 

Method Validation 

0.05 6 
76, 69, 64, 92, 83, 

78 ±II 
84 

Forage 0.5 3 94, 100, 112 102±9 

5.0 3 106, 110, !14 1!0± 4 

Total 12 64-114 92± 17 

0.05 3 80,82,82 81 ±I 

H•y 
0.5 3 80, 88, 94 87 ± 7 

5.0 3 84,88,94 89 ± 5 

Total 9 80-94 86 ±5 

Concurrent Recoveries 

0.05 4 94, 89, 89, 72 86± 10 

0.5 3 78, !05, 75 86± 17 
Forage 5.0 1 93 93 

12.0 3 103, 107, 103 104 ±2 

Total 11 72~107 92± 13 

0.05 5 86, 91, 93, 92, 76 88 ± 7 

0.5 1 80 80 

H,y 
5.0 2 78,85 81 

8.0 I 79 79 

15.0 3 93,87,92 91 ± 3 

Total 12 76~93 86±7 
> Standard dev1at10ns are calculated for data sets havmg _3 values. 

TABLE C.2. Summary of Storage Conditions. 

Matrix Storage Temperature Actual Storage Duration Interval of Demonstrated 
(oC) (days)1 Storage Stability (days/ 

Forage $-10 
404 

469 
H•y 440 
Interval from harvest to extractiOn fur analysis. Extracts were stored up to 35 days pnor to analysis. 
Based on storage stability data from frozen tomatoes, lettuce, com grain, sugar beet roots, and soybean seeds (4752C!l 19.der, 
under review). 

TABLEC.3, Residue Data from Crop Field Trials with Endothall Monoalky!amine Salt (SCJL). 

TriallD 
Zone Crop; Variety Matrix 

Total Rate 1 PHI 2 

Residues (ppm) 3
' 

4 

(City, State; Year) ppm lb a.e/A (days) 

Lecomple, LA 2006 
4 

Bermuda grass; Forage 
5.0 7.02 I 

2.08 2.23 
LA$12 Russell H•y 9.80 12.40 

East Bernard, TX Bermuda grass; Forage t.85 2.03 
2006 6 5.0 6.75 I 

Coastal H•y 13.1 14.2 TX$14 
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TABLE C.3. Residue Data from Crop Field Trials with Endothall Monoalkylamine Salt (SC/L). 

Trial!D Zone Crop; Variety Matrix 
Total Rate 1 PHI 1 

Residues (ppm) 3• 
4 

(City, State; Year) ppm lb ae/A (days) 

Ephrata, WA 2006 
II 

Bluegrass; Forage 
5.0 6.64 I 

1.82 1.85 
WA$15 Kentucky H•y 7.17 8.91 

Newport, SR 2007 
4 

Bluegrass; Forage 
5.0 6.76 2 2.65 2.81 

AR$37 Kentucky H•y 6.51 6.78 

Alexandria, LA 2006 
4 

Fescue; Forage 
5.0 7.00 0 

1.70 2.86 
LA$13 not available H•y 5.89 5.84 

Hillsboro, OR 2007 
12 

Fescue; Forage 
5.0 6.73 0 

2.65 1.99 
OR$38 Pure Gold H•y 5.34 9.24 
The rate JS expressed both m tenns of the concentratiOn m the JrngatJon water (ppm) and the total amount {lb aeJA) appl1ed. 

~ After cutting {harvest), the hay samples were field-dried for 2-6 days prior to collection. 
3 Expressed in acid equivalents. The LOQ is 0.05 ppm. 
4 The two results for each field trial represent two samples taken from a single plot, not two plots. 

TABLE C.4. Summary of Residue Data from Grass Field Trials with Endothall Monoalkylamine Salt 
(SC/L). 

Total Applic. PHI 
Residue Levels {ppm) 2 

Commodity (days) Median Mean Rate N Min. Max. HAFT 3 Std. Dev. (S'fMdR) (STMR) 

Forage 5 ppm 0-2 6 1.94 2.73 

Hay (6.64-7.02) 0-2 6 5.87 13.65 
The value m parentheses JS the total appiJcatJon rate m terms of lb ae/A. 

1 Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm. 
3 HAFT= Highest Average Field Trial. 

D. CONCLUSION 

2.73 2.21 2.2I 0.32 

13.65 8.77 8.77 3.0() 

The available field trial data are adequate and support the use of endothall~treated water for 
irrigation of grasses. The data support the use of endothall in irrigation water at a concentration 
of 5 ppm ae, with no more that six applications per season, and a minimum 7-day interval 
between applications to the water. Residues on grasses are determined at PHis ofO days for 
forage and 1 day for hay. 

E. REFERENCES 

None 
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This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road, 
Building 100, Suite B, Durham, NC 27713; submitted 3/20/2009), The DERhas been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

47520716. Arsenovic, M. (2008) Endothall (Hydrotholl91): Magnitude of the Residue on 
Grape: Lab Project Number: Z9754, Z9754.07-ALS02 Unpublished study prepared by 
Interregional Research Project No.4. 272 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No.4 (IR-4) submitted field trial data reflecting the exposure of 
grapes to endothall through the use of treated irrigation water. In three grape field trials 
conducted in Zones 1, 10 and 11 during 2006 and 2007, a 2.0 lb ae/gal soluble concentrate 
(SCIL) formulation of endothall (monoalkylamine salt) was used to treat the irrigation water at a 
rate of 5 ppm ae. [In order to avoid the complications of different molecular weights for 
different salts, endothall concentrations are expressed as the free acid equivalents (ae).] The 
treated water was then applied using overhead sprinklers to the grapes as six broadcast foliar 
applications during fruit development at retreatment intervals (RTis) of 6~8 days. A total of -I 
acre inch of water (27,154 gal/A) was applied for each application. Based on the concentration 
of the endothall and the amount of water applied, the application rates for endothall were 
equivalent to 1.11-1.13 lb ae/A/application, for a total of 6.64-6.76 lb ae/A/season. 

Single control and duplicate treated samples of grapes were harvested on the day of the final 
application (0 days after treatment, DA T), and samples were stored at<~ 1 0°C for up to 379 days 
prior to analysis. Adequate storage stability data are available to support the duration and 
conditions of sample storage. 

Residues of endothall (free acid) inion grapes were determined using an adequate LC/MS/MS 
method (Method No. KP-242Rl). For this method, residues were extracted with water and then 
derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H3P04. The derivatized residues 
were cleaned up by partitioning into methyl t~butyl ether (MTBE) and elution through an amine 
solid phase extraction (SPE) cartridge. Residues were then analyzed by LC/MS/MS using 
external standards for quantitation. The validated limit of quantitation (LOQ) for endothall inion 
grapes is 0.05 ppm, and the reported limit of detection (LOD) is 0.0001 ppm. 
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Following six overhead sprinkler applications of grapes with irrigation water containing 
endothall at 5 ppm (6.64-6.76lb ae/A/season), endothall residues inion grapes harvested at 0 
DAT were 0.376-0.696 ppm. The average residues were 0.522 ppm and the highest average 
field trial (HAFT) residues were 0.642 ppm. No residue decline data was provided. 

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS: 

Although residue data are available from only three field trials, the grape field trial residue data 
are classified as scientifically acceptable. Although limited field trials were perfonned, these 
applications are expected to be conservative relative to actual inadvertent applications. The 
acceptability of this study for regulatory purposes is addressed in the forthcoming U.S. EPA 
Residue Chemistry Summary Document, DP# 356315. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUND INFORMATION 

Endothall [7-oxabicyclo[2,2, 1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide, 
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class. 
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. , including irrigation canals. They are also registered for 
desiccation/defoliation of alfalfa/clover (grovm for seed only), cotton, and potatoes prior to 
harvest, and for reduction of sucker branch growth in hops. Permanent tolerances are established 
for the combined residues of endothall and its monomethyl ester at 0. 1 ppm inion cotton seeds, 
fish, dried hops and potatoes, and at 0.05 ppm inion rice grain and straw [40 CFR 
§ 180.293(a)(l )]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8£7419), 
IR-4 has submitted field trial data reflecting irrigation of grapes with endothall-treated water. 
The chemical structure and nomenclature of endothall and its salts are listed in Table A 1. The 
physicochemical properties of technical grade endothall and its salts are listed in Table A2. 
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Table A.2. Physicochemical Properties ofEndothall and Salts 
Parameter Value !Reference 

Endothail (acid 
Melting poinl I 08· I !O't: Dl87593, Dl87590, and D187588, 

515193, K. Dockter 
pH 2.7 at 25't (I% solution) 0187593, D187590, and 0187588, 

515193, K. Dockter 
Density, bulk density, or specific 0.481 glcml (bulk) at 25't Dl87593, 0187590, and 0187588, 
gravitv 515193, K. Dockter 
Water solubility at 25t: 109.8 giL DI66798, 7/2192, K Dockter 

13.1 g/100 mL in water, pH 5 0207011, 9130194, F. Toghrol 
12.7 gi!OO mL in water, pH 7 
12.5 R!IOO mL in water, pH 9 

Solvent solubility at 25't 3.4 g/100 mL in acetonitrile D207011, 9/30/94, F. Toghro] 
2.4 g/100 mL in n·octanol 
16.0 g1ioo mL in tetrahydrofuran 

Vapor pres~urc 3.92x J0-~mmHgat243't: D166798, 7/2/92, K. Dockter 
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Solwnt solubility at 

B. EXPERIMENTAL DESIGN 

B.l. Study Site Information 

Three grape field trials were conducted in Zones 1, 10 and 11 during the 2006 and 2007 growing 
season (Table B.l.l ). The irrigation water used in each test was treated with endothall (2.0 lb 
ae/gal SC monoalkylamine salt) at a concentration of .-...5 ppm, acid equivalent. The treated water 
was then applied using overhead sprinklers to the grapes as six broadcast foliar applications 
during fruit development at RTis of6-8 days. A total of -1 acre inch of water (27,154 gallA) 
was applied for each application. Based on the concentration of the endothall and the amount of 
water applied, application rates for endothall were equivalent to 1.11-1.13 lb ae/Napplication, 
for a total of 6.64-6.76lb ae/A/season (Table 8.1.3). These applications are expected to be very 
conservative relative to actual applications. (According to BEAD, grapes are only irrigated from 
overhead before fruiting occurs. One the fruit is set, only drip irrigation is used to avoid fungal 
infections of the fruit.] 
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TABLE B.l.l. Trial Site Conditions. 

Trial Identification {City, State; Year} 
Soil characteristics 1 

Type %OM 

North Rose, NY 2006 Loamy Sand 2.7 
NY$01 

San Luis Obispo, CA 2007 Sandy Loam 1.9 
CA$31 

Ephrata, WA 2006 Sandy Loam 0.9 
WA$02 

pH 

6.6 

6.2 

7.9 

These parameters are opl!onal except m C"dSes where the1r value affects the usc pattern for the chem1cal. 

TABLE B.1.2 \\'ater Characterization. 

Study site 
Water characteristics 

Typo Hardness/Salinity pH Turbidity 

North Rose. NY 2006 Well NR NR NR NY$01 

San Luis Obispo, CA 2007 Well NR NR NR 
CA$31 

Ephrata, WA 2006 Well NR NR NR 
WA$02 

CEC {meq/1 OOg) 

7.4 

17.6 

13.6 

Dissolved OM 

NR 

NR 

NR 

The actual temperature recordings and rainfall were typical for each site and no unusual weather 
conditions were reported. No additional irrigation was reported during the study period. The 
tests were conducted according to normal agricultural practices for the regions, and information 
was provided on maintenance pesticides and fertilizers used at each site. No information was 
provided on the characteristics of the water used for irrigation, other than the source (Table 
B.l.3). 

TABLE B.l.3. Study Use Pattern. 

Location End-Use 
Application Information 

(City, Slate; Y""ar) Product Method; Timing Concen. 1 Volume Single Rate RTI 4 Total Rate 
Trial!D (gal/A} z {lb ae/A) 3 (days} (lb ae/A) 3 

North Rose, NY Six broadcast foliar 
2006 2.0 lb ae/gal application during fruit 4.98 26,998 l.l2 7 6.73 
NY$01 sc development using overhead 

sprinklers. 

San Luis Obispo, Six broadcast foliar 
CA 2007 2.0 lb ae/gal application during fruit 

4.98 26,715 1.13 6-8 6.76 
CA$31 sc development using overhead 

sprinklers. 

Ephrata, WA 2006 Six broadcast foliar 
WA$02 2.0 lb aefgal application during fruit 

4.97 27,149 l.ll 7 6.64 sc development using overhead 
sprinklers. 

' The concentrate of endothall (m ac1d equ1valents) m the 1mgat10n water. No adjuvants were mcluded m the IITigaUon water. 
2 The target irrigation rate was I acre inch of water or 27, !54 gal/A. 
3 The equivalent field use rates were calculated by the reviewer based on the concentration of the endoihall (ae), the application 

volume and plot size. 
4 RTI"" Retreatment Interval. 
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TABLE B.1.4. Trial Numbers and Geographical Locations. 

NAFTA Grapes 
Growing Submitted Requested 1 
Zones 2 

Canada 

I I --
2 -- --
3 -· --
4 -- --
5 -- ·-
6 ·- --
7 -- ·-
8 -- --
9 -· .. 
10 I --
II I -· 
12 -· --
13 ·- ·-
Total 3 --

Based on EPA OPPTS Gu1delme 860.1500. 
2 Zones lA. 5 A and B, 7A and 14-21 were not included as the proposed use is for the U.S. only. 

B.2. Sample Handling and Preparation 

u.s. 
2 

--
-· 
--
--
·-
--
·-
--
8 

I 

I 

-· 
12 

Duplicate control and treated samples of grapes (:::2 lbs/sample) were harvested at 0 DAT 
following the sixth application and placed in frozen storage at the test facility within 1 hour. 
Samples were stored frozen at the field sites for 5-34 days prior to shipment by freezer truck or 
overnight courier on dry ice to the analytical laboratory (ALS Laboratory Group, Edmonton, AB, 
Canada), where the samples were at :5-l 0°C until analysis. 

B.3. Analytical Methodology 

Residues of the free acid ofendothall inion grapes were determined using a LC/MS/MS method 
(Method No. KP-242Rl) entitled "Analytical Method for Determination ofEndothall in Crops", 
issued 5/4/2007. 

For this method, residues were extracted twice by homogenization with water followed by 
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3P04 at 100-
l200C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE, 
evaporated to dryness, and reconstituted in hexane:MTBE (I: I v:v). Residues were then cleaned 
using an amine SPE cartridge eluted with methanoLMTBE (I :4). Residues were analyzed by 
LC/MS/MS using external standards. The m/z 397---l-}66 ion transition was used for quantifYing 
residues. The validated LOQ for endothall inion grapes is 0.05 ppm, and the reported LOD is 
0.0001 ppm. 
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The above method was validated prior to and in conjunction with the analysis of the grape field 
trial samples. Control samples were fortified with endothall at 0.05-5.0 ppm for method 
validation and for concurrent recoveries. 

C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for determining residues of endothall in/on grapes was adequately 
validated prior to and in conjunction with the analysis of field trial samples. Method validation 
recovery averaged 90% with a standard deviation of 13%, and concurrent recoveries averaged 
101% with a standard deviation of 19% (Table C.l). Apparent residues of endothall were non
detectable in/on control samples. Adequate sample calculations and example chromatograms 
were provided and the fortification levels used for method recoveries were similar in magnitude 
to the measured residue levels. 

Grape samples were stored frozen at S:-10°C for up to 379 days prior to analysis (Table C.2). 
Adequate storage stability data are available indicating that endothall is stable in frozen tomatoes 
for up to 467 days (47520719.der, under review). The stability data for tomatoes will support the 
storage durations and conditions for the current grape field trials. 

Following six overhead sprinkler applications of endothall (monoalkylamine salt) to grapes at a 
rates totaling 6.64-6.76 lb ae/ A, endothall residues inion grapes harvested at 0 DAT were 0.3 76-
0.696 ppm (Table C.3). The average residues were 0.522 ppm and the HAFT residues were 
0.642 ppm (Table C.4). No residue decline data was provided. 

Following six overhead sprinkler applications of grapes with irrigation water containing 
endothall at 5 ppm (6.64-6.76lb ae/A/season), endothall residues inion grapes harvested at 0 
DAT were 0.376-0.696 ppm (Table C.3). The average residues were 0.522 ppm and the highest 
average f1eld trial (HAFT) residues were 0.642 ppm (Table C.4). No residue decline data was 
provided. 

Common cultural practices were used to maintain plants, and the weather conditions and 
maintenance chemicals and fertilizer used in this study did not have a notable impact on the 
residue data. 

In both the NY and W A field trials, phytotoxicity was noted beginning with the second 
application and increased in severity with subsequent applications. The leaves initially showed 
signs of chlorosis and browning, with leaf necrosis occurring at later applications. No 
phytotoxicity was reported on the fruit, and not phytotoxicity was reported for the CA trial. 
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TABLE C.l. Summary of Method Validation and Concurrent Recoveries ofEndothall from Grapes. 

Matrix Spike Level Sample Size Recoveries Mean± Std. Dev. 
(ppm) (") (%) 

Method Validation 

0.05 3 74, 71, 76 

0.5 3 96, 102, 106 

Fruit 5.0 3 96, 95,97 

Total 9 71~106 

Concurrent Recoveries 

0.05 2 95, 112 

Fruit 
5.0 2 76, 119 

Total 4 76-119 

TABLEC.2. Summary of Storage Conditions. 

Matrix Storage Temperature Actual Storage Duration 
("C) (days)1 

Grape <-10 88~379 

' Interval from harvest to ex.trac!JOn for analys1s. Extracts were stored 3-22 days pnor to analys1s. 
~ Endothall is stable in frozen tomatoes for up to 467 days (47520719.der under review). 

(%) 

74±3 

10 I± 5 

96:1: l 

90 :1: 13 

104 

97 

101±19 

Interval of Demonstrated 
Storage Stability (days)~ 

467 

TABLEC.3. Residue Data from Grape Field Trials with Endothaii (2 lb ae/gal SC/L). 

TriallD 
Zone Variety Matrix. 

Total Rate 1 PHI 
Residues (ppm) 2,

1 

(City, State; Year) ppm (lb ae!A) (days) 

North Rose, NY 2006 I Elvira Fruit 4.98 6.73 0 0.433 0.376 
NY$01 

San Luis Obispo, CA 
2007 10 Pinot !55 Fruit 4.98 6.76 0 0.588 0.449 
CA$31 

Ephrata, WA 2006 
II Riesling Fruit 4.97 6.64 0 0.587 0.696 

WA$02 
The rate IS expressed both m terms of the concentration m the 1rngat10n water (ppm) and !he total amount (lb ac!A) apphed. 

~ Expressed as the free acid. The LOQ is 0.05 ppm and the LOD is 0.000 I ppm. 
3· The two results for each field trial represent two samples taken from a Single plot, not two plots. 

TABLEC.4. Summary ofRcsidue Data from Grape Field Trials with Endothall. 

Total Aprlie. PHI 
Commodity Rate (days) Min. " Max. 

Grape 
5.0ppm 

0 3 0.405 0.642 
(6.64~6.76) 

The value m parentheses JS the total appltcatwn rate m terms oflb ac/A. 
~ Residues are expressed in tenns of the free acid. The LOQ is 0.05 ppm. 
3 HAFT"" Highest Average Field Trial. 

DP# 356315/MRlD No. 47520716 

Residue Levels (ppm) 2 

HAFT 3 Median 
(STMdR) 

0.642 0.522 

Mom 
Std. Dev. 

(STMR) 

0.522 0.119 
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D. CONCLUSION 

The available field trial data are adequate and support the use of endothall-treated water for 
irrigation of grapes. The data support the use of endothall in irrigation water at a concentration 
of 5 ppm ae, with no more that six applications per season and a minimum 7-day interval 
between applications to the water. Residues on the grapes are determined at a 0-day PHI. 

E. REFERENCES 

None 

F. DOCUMENT TRACKING 

RDI: David Soderberg (5 June 2009); William Donovan (5 June 2009); 
Petition Number: 8E7419 
DP#: 356315 
PC Code: 038901, 038905 
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Date: 5 June 2009 

This DER was originally prepared under contract by Dynamac Corporation ( 1910 Sedwick Road, 
Building I 00, Suite B, Durham, NC 27713; submitted 3/20/2009). The DER has been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

47520716. Arsenovic, M. (2008) Endothall (Hydrotho1 191 ): Magnitude of the Residue on 
Grape: Lab Project Number: Z9754, Z9754.07-ALS02 Unpublished study prepared by 
Interregional Research Project No. 4. 272 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No.4 (IR-4) submitted a grape processing study reflecting the 
exposure of grapes to endothall through the use of treated irrigation water. In a field trial 
conducted in NY (Zones 1) during 2006, a 2.0 lb ae/gal soluble concentrate (SC/L) formulation 
of endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae. 
[In order to avoid the complications of different molecular weights for different salts, endothall 
concentrations are expressed as the free acid equivalents (ae).] The treated water was then 
applied using overhead sprinklers to the grapes as six broadcast foliar applications during fruit 
development at retreatment intervals of 7 days. A total of -1 acre inch of water (27, 154 gallA) 
was applied for each application. Based on the concentration of the endothall and the amount of 
water applied, the application rates for endothall were equivalent to 1.12 lb ae/A/application, for 
a total of 6. 73 lb ae/ A/season. 

Single bulk control and treated samples of grapes were harvested at normal crop maturity, 
immediately following the last irrigation (0 days after treatment, DAT). The grapes were 
processed into juice and raisins within 2 days for harvest using simulated commercial 
procedures. Grape juice was cold pressed and gave an unusually low yield. Whole fruit and 
processed fractions were stored frozen for up to 377 days prior to analysis. The sample storage 
intervals and conditions are supported by the available storage stability data. 

Residues of endothall (free acid) inion grapes and grape processed fractions were determined 
using an adequate LC/1viS/MS method (Method No. KP-242R 1 ). For this method, residues were 
extracted with water and then derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% 
H3P04. The derivatized residues were cleaned up by partitioning into methyl t-butyl ether 
(MTBE) and elution through an amine solid phase extraction (SPE) cartridge. Residues were 
then analyzed by LC/MS/MS using external standards for quantitation. The validated limit of 
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quantitation (LOQ) for endothall is 0.05 ppm, and the reported limit of detection (LOD) is 
0.0001 ppm. 

Residues of cndothall averaged 0.280 ppm in/on whole grapes (RAC) were 1.24 ppm in juice 
and 1.21 ppm in raisins. The processing factors for juice and raisins were 4.3x and 4.4x, 
respectively. The theoretical concentration factors for juice and raisins are 1.2x and 4.7x, 
respectively. Although the processing factor for raisins was in line with the theoretical value, the 
processing factor for juice was impossibly higher than the maximum theoretical concentration 
factor. 

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIESICLARIFICA TIONS: 

Under the conditions and parameters used in the study, the grape processing study is 
scientifically acceptable for processing to raisins. It is not acceptable for processing to grape 
juice. The juice was cold pressed when grape juice is normally hot pressed. The yield was 
unusually low, and the residue results were impossibly high. The acceptability of this study for 
regulatory purposes is addressed in the forthcoming U.S. EPA Residue Chemistry Srunmary 
Document, DP# 356315. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUND INFORMATION 

Endothall [7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide, 
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class. 
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. , including irrigation canals. They are also registered for 
desiccation/defoliation of alfalfa/clover (grown for seed only), cotton, and potatoes prior to 
harvest, and for reduction of sucker branch growth in hops. Permanent tolerances are established 
for the combined residues of endothall and its monomethyl ester at 0.1 ppm inion cotton seeds, 
fish, dried hops and potatoes, and at 0.05 ppm in/on rice grain and straw [40 CFR 
§ !80.293(a)(1 )]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8£7419), 
IR-4 has submitted a grape processing study reflecting irrigation of grapes with endothall-treated 
water. The chemical structure and nomenclature of endothall and its salts are listed in Table A.l. 
The physicochemical properties of technical grade endothall and its salts are listed in Table A.2. 
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Table A.2. Physicochemical Proper lies of Endolball and Salis 
Parameter Value Reference 

Endothall acid) 
Melting point 108-i!O't 0187593,0187590, and 0187588, 

5/5/93, K. Dockter 
pH 2.7 a!25't (!%solution) DI87593, 0187590, and DI87588, 

515/93, K. Dockter 
Density, bulk density, or specific 0.481 glcm3 (bulk) a!25't 0187593,0187590, and Dl87588, 
ravitv 5/5/93, K. Dockter 

Water solubility at 25't 109.8 giL 0166798,712192, K. Dockter 
13.1 g/100 mL in water, pH 5 D207011, 9/30/94, F. Toghrol 
12.7 g/100 mL in water, pH 7 
12.5 &1100 mL in water, pH 9 

Solvent solubility at 25't 3.4 g/1 00 mL in acetonitrile 0207011, 9!30!94, F. Toghrol 
2.4 g/1 00 mL in n-octanol 
16.0~ ei100 mL in tetrahvdrofuran 

Vapor pressure 3.92 x w·> mm H_g at 24.3'1: DI66798, 712192, K. Dockter 
Dissociation constant, pK, 4.32 for Step I and 6.22 for S!ep 2 at 20't (0.2% D 188708, 513193, K. Dockter 

solution in 20% basic ethanol); dissociation rate 
1.8-2.3 x 103 11mho within 3-5 minutes at lJ25't, 
by conductiyity meter 

Octanol/water artition coefficient Nota licable to endothall acid 0166798, 7!2192, K. Dockter 
UV/visible absorption spectrum Not available 

Endothall, mono-N,N-dimelhylallcyl amine sail 
Boiling point Not available 
pH 5.2 at 25't {I% solution) Dl87593, Dl87590, and Dl87588, 

5/5/93, K. Dockter 
Density, bulk density, or specific 1.028 g!mL at 25't 0187593, 0187590, and D187588, 
I gravity 5!5!93, K. Dockter 
Water solubility at 25't ~49.2 g/IOOmL in water, pH 5 D210814, 819!95, S. Knizner 

<::51.6 g/100 mL in water, pH 7 
>49.8 iJlOO mL in water, pl-1 9 

Solvenl solubility at 25"c ~102.5 gllOOmL in acetonitrile 0210814, 819195, S. Knizner 
<::95.4 g/100 mL in n-octanol 
>104.3-J;/100 mL in tetrahydrofuran 

Vapor pressure 2.09 x 10·> mm Hg at 2~~ (calc~~~)ted; mixed 0206344, 9/22/94, F. Toghrol 
mono- and dialkylamine C8-C20 

Dissociation constant, pK, 4.24 for Step I and 6.07 for Step 2 at 20't for 0198885,417/94, F. Toghrol 
mixed mono- and dialkylamine {C8-C20) ln 
acidified ethano!/water; dissociation complete 
017 minutes (1.7 x 103 ~--tmho) at25't 

Octanol/water partilion coefficient Kow 2.097 at concentrations of8.9 x 10· Mand 0209995, 1120/95, L. Edwards 
8.9x 10'4 M,at25"C 

UV /visible absorplion spectrum Not available 

B. EXPERIMENTAL DESIGN 

B.l. Application and Crop Information 

In a field trial conducted in NY during 2006, grapes were irrigated six times with endothall
treated water using overhead sprinklers (Table B.l.l). The irrigation water was treated with 
endothall (2.0 Ib ae/gal SC monoalkylamine salt) at a concentration of ~5 ppm, acid equivalent. 
The grapes were irrigated six times during fruit development at an RTI of7 days. A total of -1 
acre inch of water (27,154 gal/A) was applied for each irrigation. Based on the concentration of 
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the endothall and the amount of water applied, application rate for endothall was equivalent to 
1.12 lb ae/ A/application, for a total of 6.73 lb ae/A/season. 

TABLE B.l.I. Study Use Pattern. 

Location 
End-Use 

Application Information 
{City, Slate; Year) 

Product Method; Timing Concen. 1 Volume Single Rate RTJ4 Total Rate 
TriallD (gal/A) 2 (lb ae/A)' (days) (lb ae/A)' 

North Rose. NY Six broadcast foliar 
2006 2.0 lb ac/gal application during fruit 

4.98 26,998 1.12 7 6.73 
NYSOI SCIL development using overhead 

sprinklers. 

The concentrate of endothall (m ac1d eqmvalents) tn the Jmgatton water. No adJuvants were mcluded m the tiTJgatJOn water. 
2 The targcl irrigation rate was I acre inch ofwaler or 27,154 gal/A 
3 The equivalent fteld use rates were calculated by the reviewer based on the concentration of the endothall (ae), the application 

volume and plot size. 
RTI"' Relrcalment Interval. 

B.2. Sample Handling and Processing Procedures 

Single bulk control and treated samples (~?Sibs) of grapes were harvested at 0 DAT, and were 
shipped fresh on the day of harvest to the processing facility, ACDS Research, Inc. (North Rose, 
NY). Samples were placed in cool storage prior to processing. Two subsamples of fresh 
unwashed grapes were collected prior to processing. Samples were processed into juice and 
raisins using simulated commercial procedures. The grapes were processed into juice on the day 
of harvest and into raisins within 2 days of harvest. 

For juice production, unwashed fruits were crushed and destemmed in a crusher/destemmer and 
the wet mash was collected and pressed to produce the unfiltered juice. For raisins, samples 
were hand destemmed, placed on trays and dried in a dehydrator for 48 hours to a moisture range 
between 15-18%. The flow charts for juice processing and the material balance sheets for the 
treated samples are presented in Appendix I. For juice, the initial47.5lb sample of grapes was 
processed into 24lb of unfiltered juice (51%) and 20.5 lbs of wet pomace (43%). For raisins, the 
initial 15 lb sample of grapes was dried down to yield 2.5 lb of raisins (17%). 

The whole fruit, juice and raisin samples were transferred to frozen storage (::::-1 0°C) 
immediately after processing and shipped frozen via ACDS freezer truck 21-23 days later to 
United Phosphorous, Inc. (King of Prussia, PA). After homogenization, processed samples were 
shipped by overnight courier on dry ice to ALS Laboratory Group. At ALS, the processed 
samples were stored frozen (~-1 0°C) prior to analysis. 

B.3. Analytical Methodology 

Residues of the free acid of endothall inion grapes and grape processed fractions were 
detennined using a LC/MS/MS method (Method No. KP-242Rl) entitled "Analytical Method for 
Determination of Endothall in Crops", issued 5/4/2007. 
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For this method, residues were extracted twice by homogenization with water followed by 
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3P04 at 100-
1200C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE, 
evaporated to dryness, and reconstituted in hexane:MTBE (1: 1 v:v). Residues were then cleaned 
using an amine SPE cartridge eluted with methanol:MTBE (1 :4). Residues were analyzed by 
LC/MS/MS using external standards. The mfz 397........, 166 ion transition was used for quantifying 
residues. The validated LOQ for endothall is 0.05 ppm, and the reported LOD is 0.0001 ppm. 

For method validation, control samples of grapes and raisins were fortified with endothall at 
0.05-5.0 ppm. 

C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for determining residues of endothall in/on grapes and grape 
processed fractions was adequately validated prior to and in conjunction with the analysis of 
processing study samples (Table C.l ). Method validation recovery averaged 90% with a 
standard deviation of 13% for grapes, concurrent recoveries averaged 101% with a standard 
deviation of 19% for grapes and averaged 110% for raisins (n=2). Apparent residues of 
endothall were non-detectable in/on control samples. Adequate sample calculations and example 
chromatograms were provided and the fortification levels used for method recoveries were 
similar in magnitude to the measured residue levels. 

Grape, juice and raisin samples were stored frozen at :S:-1 0°C for up to 379 days prior to analysis 
(Table C.2). Adequate storage stability data are available indicating that endothall is stable in 
frozen tomatoes for up to 467 days ( 47520719.der, under review). The stability data for 
tomatoes will support the storage durations and conditions for the processing study. 

Residues of endothall averaged 0.280 ppm in/on whole grapes (RAC) were 1.24 ppm in juice 
and 1.21 ppm in raisins (Table C.3). The calculated processing factors for juice and raisins were 
4.3x and 4.4x, respectively. The theoretical concentration factors are 4.7x for raisins and 1.2x 
for juice. Although the observed processing factor for juice is substantially higher than the 
theoretical value, no explanation was provided as to why residue concentrated to such an extent 
in juice. 
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TABLE C.l. Summary of Method Validation and Concurrent Recoveries ofEndothaii from Grapes. 

Matrix Spike Level Sample Size Recoveries Mean± Std. Dev. 
(ppm) (") (%) 

Method Validation 

0.05 3 74, 71, 76 

0.5 3 96, 102, 106 
Fruit 5.0 3 96, 95, 97 

Total 9 71~106 

Concurrent Recoveries 

0.05 2 95, 112 

Fruit 
5.0 2 76, 119 

Total 4 76~1J9 

0.05 I 106 

Raisins 5.0 I 113 

TABLE C.2. Summary of Storage Conditions. 

Matrix Storage Temperature Actual Storage Duration 
("C) (days)1 

Grape 

Juice :5:-10 377-379 

Raisins 
. -Interval from harvest to extractiOn for analysJs. Extracts were stored II 12 days prwr to analysis . 

2 Endothall is stable in frozen tomatoes for up to 467 days ( 47520719.der under review). 

TABLE C.3. Residue Data from Grape Processing Study with Endothall. 

(%) 

74±3 

101 ± 5 

96± I 

90± 13 

104 

97 

IOJ ± 19 

110 

Interval of Demonstrated 
Storage Stability 

(daysf 

467 

RAC Processed Commodity Total Rate 1 PHI Residues (ppm) 2 Processing 
(days) Factor 

Grape Unwashed whole fruit (RAC) 5 ppm 0.291, 0.269 (ave. 0.280) .. 
Juice 0 !.21 4.3x 

Raisin 
(6.73 lb ae!A) 1.24 4.4x 

The rate 1S expressed both m terms of the concentratiOn m the 1mgatwn water (ppm) and the total amount (\b ae/A) apphed. 
2 Residues are expressed in acid equivalents. The LOQ is 0.05 ppm. 

D. CONCLUSION 

The grape processing study is adequate and indicates that endothall residues can concentrate in 
raisins ( 4.4x). It does not provide acceptable information about juice processing. 

E. REFERENCES 

None. 
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Appendix I. Grape Juice Processing Flow Chart and Mass Balance Sheets for Juice and 
Raisin Processing (Treated Samples). 

Inteneglonal Reseat·ch Project No .. 4 PR.. No. Z9754 Page 101 

A C D S Research, Inc 

FLOWCHART 

I ypical Small Batch Grape Processing Simulating Commercial Processing 

~ ~ 

I-3%Loss 
(Stems) 

1-S% Loss 
(Operation) 

I" 4.'3lbs -· 

~.~ding &Destemming 

17-=~ Mash 

JJ .. 36 lbs 

r--"'-·-L--J 

WHOLE 
FRUIT 
SAMPLE 

40-45% Juice 
18- 21 lbS.-• r.:-:""71 

12!~ 
JU1CE 
SAMPLE 

ca 4Sibs 

35-40% Wet 13-161"'----

PO:MACE + ·---lii~;:] Wet POMACE 
SAMPLE 

~-~· 

llp14lbs WetPomaceForDrying 
j 

§:RYING Operatio~ ... (Ci]Jb] DRY POMACE 
SAMPLE 
(IC:Ss than tO% moisture) 

Dry Pomace is 20-25% 
by weight of wet pomace 
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Inten eg1ona1 Research Projed No. 4 PRNo.Z9754 

A C D S Research, Inc. 

FRUIT PROCES~ING CALCULATION WORKSHEE! (GRAPES) 

.. ..ACDS erocessir:1g.No ;. f!R06.f{O{? 

--"----·-- Somple No ..b.. -Treotment No. ___ Unfreoted. _h.. Treated 

"7S.O . - Gro;U Weight {lbs) of somp!e {fNil + Cor'lloinels) _I_- No. of Cor'lloiners. 

:ls;o _-lore We-ight llbs -weight ol conloiners):- 3 :; 16 t- ;ti.S JJo iS;...Q(l-lA fer "J2.ci.U n!>. 

.s:o,&_. Net We!Qhl {lbs) ot fruil for processing (Tloru:cribe lo "'Net Weight" column for "~!orting Weight" 
ond "Whole fruit Woshed" or ''Whole F11.1if Unwashed' on the ACOS fruit P1ocer'iing Form) 

2.£-Weight (lbs] ol Whole frull SomPie (Iromctibe lo "Sample Weight" coh.tmn IOJ "Whole tn.lff 
Washed" Ol "Whole Fwit Unwoshed") 

, 
~--·livif robs) f01 destemmer 

STEP 2: (Wet Mp$h1 

~- Gros1 Weigh! !It») of wet Mash PIOduced )Wet Mosh +Tub) 

.I.,bL_ . tore Weight )lbs · wei{jhf ol tv b). 
, 
j~- Net Weigh I (lbi) ol Wet Mmh 101 pi erring fTronscliOO to "Net Weight" .column lor "Jolol Amount 

01 Wef Mash Produced"). 

sur a; CAAel 

ZlQ_- Gfou Weight (lbs) ol Juice produced {Juice + Pofiw/ UMrj 

~.c -~ - rore Weight {lbs- pailw/ ioe1: _1_ No Pa~s x 21bs/Po;IJ .t;t.T" IO/'f/o6 @Onfu.i Error) 
, 
alf,o • Net Weight {lbs) of Juice produced [l"romc!ibe lo "Ne-t Weight" column lor Ju;ce) 

..5:&._- Weight llbs) of Juice Somple (J1onrciibe lo "sample Weight" column IOI Juk:6) 

SJEP 4: tw..-t fomqce-) 

~- G!ors Weight ~br) ot Wet Pomoce PIOduced [Wet Pomoce + Po~w/ tiner) 

..L.!.Q....- Tore Wtolght fib~- poilw/lir'lei: -L- No. Polls 112 lbiJ~o;ij 
, 
~.Net Weigh! of Pomoce producl'ld {Tromcribe lo "Net Weight" coJvmn lor Wef Pomace) 

-0-- -Welgh! ~br) of Wet Pomoc" sompie )froruc1!be to "Sample Weight" column lor Wet Pomace). 

Signature: G...uuj" .J.. 3(11,~ . Dote: _!..Q_j .2lJ ~ 

A CDS Research, Inc SOP/R/0.1/R? 
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Inter·t·egional Reseat·cb Pr·oject No.4 PR. No. Z9754 Page 74 

A C.D S Research, Inc 

FRUIT PROCESSING FORM {GRAPES) 

ACDS Procetsing No : JH~.ObLbJ3 

.. P.~pg_E:QiliJml.~.L{:l_eaning~' ~ ---·--·"·--- _ -·- _ 
~ All equipment cleaned with wap and water before use 

""'"' =========--===== 
Treatment No _.b__, Conuol ----·• Jreated .J5___ 

Requested Froctlrm Amoums (lbs); 

Whole .. F~M=·~t ~"==-:_':w:·"':..::· ~l<':: W•:ot~P:om:~:'===~D~ry":.::P:om:"'::-=== Other_ __ 

Processing (Grinding, Pressing, Juice, WeJ Pomace, and Dry Pom~ !if necessary} Collection Nole- weights 
transcribed from attached Fruit Processing Calculation Worbbeet): 

Starting Weight 

Whole Fruit Washed 

Who!~ Fruil Unwashed 

Total Amounl of Wet 
Mash Produced 

Juice 

WetPomoce 

Wet Pomace Used In 
Drying 

Dry Pomace 

Not 
Weight 
J10>_l 

-·-·-·--

p 

Sample 
WI Time Time 
~ Cooled Frozen 

~ 1t.!lQ_ i;.3Q__ 
-- .nt.... ..f.!!]____ 

Start AM/PM Finish AMIPM 
Dryi emperature Rang~: deg. F to de~ 
___ Lb Wet Pomace Used·-~ lb Dry Prm1ace"" __ Wt. l-ess (lbs) 

,S"I).tl Strutitlg Weigh!- 47~0 FruitFraetions (Whole Fruit Sample Weight+ NeJ Weight of Juice, Wet 
-- Pomace, and Dry Pomaa: (if necessary)) "- _kL Processing l-ess {lbs.) 

Signarure; __ 6..uu-!i iJ.. :J!Ad..,li\ Dale: .lQ._I .. ~ _ _j O(,. 
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Interregional Research Project No.4 PR. No. Z9754 Page 75 

A C D S Research, lnc 

FRUIT PROCESSlNG FORM <Raisin G..-anes) 

Date: ..JQ....J..i!..J Ob SpoMOT I rial No : zqz.s'l. 0(,- flCJX:i? ACDSProces.singNo: 8f?bb~OB 

-·· ·-Lss~f :w=~~~~~Ui soap iiii3Miel--befiiteUse-
Oth<c 

Treatment No. ~"-"---• Control _ ___.Treated .1S._ 

Requested fraction Amounts (lbs): 
Whole Fruit ..lL_ Raisins __&_ __ """'--- -------------- ---

Processing (Dcs!emming and Drying}: 

J:.MCD.Ql::§ 

Starting Weight 

Whole fruit Washed 

Whole Fruit Unwashed 

Iota! Amount Used 
For Drying 

Other. 

N• 
Weight 
l1!!W Sample IR 

:r 

_______ _J 

Sample 
Wt. lime I ime 

OJ!.Ll ~ !:!l2l.!m 

z,:>__ 1li!J!Jz. =____ _m_ 

Drying: Date/TimeStart_!..Qj__1_;o£. S:'fo ~·Date/Time FinishJQ.j~~ §.: tS AM@ 
Drying Temperature Range: f.J:O deg. F to _a.Q__ deg F . 
.1LQ_ 1 b Grapes Used~ 2.£... lb Raisins .. 12.LS_ Wt. Loss (Lbs) 

M.S._ Starting Wei&}ll - f:" .Q Fruit Fmctions (Whole Fnril Sample Wcighl +Net Weight of Raisins. and 
Other)= .Ji:._S_ Processing LoS$ (Lbs) 

Date: J.Q_/ iL_I Qk__ 
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Primary Evaluator -z:/ /. 
David Soderberg, Chemist, RABV, D 

Approvedby w,J,k)J. ~--
William Donovan, Senior Scientist, RABV, 
HED 

Date: 5 June2009 

Date: 5 June 2009 

This DER was originally prepared under contract by Dynamac Corporation (191 0 Sedwick Road, 
Building 100, Suite B, Durham, NC 27713; submitted 3/27/2009). The DER has been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

47520717. Arsenovic, M. (2008) Endothall (Hydrotholl91): Magnitude of the Residue on Mint: 
Lab Project Number: Z9758, Z9758.07-CERI3 Unpublished study prepared by Interregional 
Research Project No.4. 253 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No.4 (IR-4) submitted field trial data reflecting the exposure of 
mint to endothall through the use of treated irrigation water. In two mint field trials conducted 
during 2006 and 2007 in Zones 5 and 11, a 2.0 lb ae/gal soluble concentrate (SC/L) formulation 
of endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae. 
[In order to avoid the complications of different molecular weights for different salts, endothall 
concentrations are expressed as the free acid equivalents (ae).J The treated water was applied to 
the mint during vegetative development as six broadcast foliar applications using overhead 
sprinklers, at retreatment intervals (RTis) of 6~ 7 days. A volume equivalent to -1 acre inch of 
water (27,154 gaVA) was applied for each application. Based on the concentration of the 
endothail and the amount of water applied, the application rates for endothall were equivalent to 
1.11-1.13 lb ae/Napplication, for a total of 6.64-6.77 lb ae/A/season. 

Single control and duplicate treated samples of mint tops were harvested from each test on the 
day of the final application (0 days after treatment, DAT), and samples were stored at :S-l8°C for 
up to 336 days prior to analysis. Adequate storage stability data are available to support the 
duration and conditions of sample storage. 

Residues of endothall (free acid) in/on mint tops were determined using an adequate LC/MS/MS 
method (Method No. KP-242Rl). For this method, residues were extracted with water and then 
derivatized with heptafluoroop-tolylhydrazine (HFTH) in SO% H3P04. The derivatized residues 
were cleaned up by partitioning into methyl t-butyl ether (MTBE) and elution through an amine 
solid phase extraction (SPE) cartridge, Residues were then analyzed by LC/MS/MS using 
external standards for quantitation. Residues are expressed in endothall acid equivalents. The 
validated limit of quantitation (LOQ) for endothall inion mint is 0.05 ppm. 
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Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm 
(6. 74-6.77 lb ae/Nseason), endothall residues were 1.31-2.89 ppm inion four samples of mint 
harvested at 0 DA T. Average endothall residues were 2.14 ppm, and the highest average field 
trial (HAFT) residues were 2.80 ppm. No residue decline data was provided. 

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS: 

Under the conditions and parameters used in the study, the mint field trial residue data are 
classified as scientifically acceptable. Although limited field trials were performed, these 
applications are expected to be conservative relative to actual inadvertent applications. The 
acceptability of this study for regulatory purposes is addressed in the forthcoming U.S. EPA 
Residue Chemistry Summary Document, DP# 356315. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUND INFORMATION 

Endothall [7-oxabicyclo[2,2,1 J heptane-2,3-dicarboxylic acidJ is a selective contact herbicide, 
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class. 
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and amine 
(PC Code 038905) salts are registered primarily as aquatic herbicides for the control a variety of 
plants in water bodies, including irrigation canals. They are also registered for desiccation! 
defoliation of alfalfa/clover (grown for seed only), cotton, and potatoes prior to harvest, and for 
reduction of sucker branch growth in hops. Permanent tolerances are established for the 
combined residues of endothall and its monomethyl ester at 0.1 ppm inion cotton seeds, fish, 
dried hops and potatoes. and at 0.05 ppm inion rice grain and straw [ 40 CFR § 180.293(a)(l )]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419), 
IR-4 has submitted field trial data reflecting irrigation of mint with endothall·treated water. The 
chemical structure and nomenclature of endothall and its monoalkylamine salt are listed in Table 
A.l. The physicochemical properties of technical grade endothall and its mono alkylamine salt 
are listed in Table A.2. 
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Table A. I. Nomenclature of Endothall and its Monoalkylamine Salt. 
Chemical Structure 0 

c OH 

OH 

0 

Common name Endothall 
Molecular Formula CsH1oOs 
Molecular Wei;;ht 186.16 
lUPAC name 7-oxabicyclo[2.2.1 heptane-2,3-dicarboxylic acid 
CAS name 7-oxabic clo 2.2.1 he tane-2,3-dicarbox lie acid 
CAS# 145-73-3 
PC Code 038901 
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed 
Re_gistration 
Chemical Structure 0 

c - H3C 
0 \ -
OH 1

N-CH2(n)CH3 

H,c 

0 (n~7-17) 

Common name Endothall, mono-N,N-dimeth lalk I amine salt 
Molecular Formula Not available 
Molecular Weight Average: 422 
lUPAC name 7-oxabic clo 2.2.1 he tane-2,3-dicarbox lie acid, com ound with N,N-dimet!ryl_cocoamine 
CAS name Not available 
CAS# 66330-88-9 
PC Code 038905 
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed, aquatic uses 
Registration 
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Table A.2. Physicochemical Properties ofEndotha)) and Its Monoalkylamine Salt. 

Parameter Value Reference 

Dissociation constant, pK. 4.32 for Step I and 6.22 for Step 2 at 20't (0.2% Di88708, 5/3/93, K. Dockter 
solution in 20% basic ethanol); dissociation rate 
1.8-2.3 x 103 J.imho within 3-5 minutes at D25"c, 
by conductivity meter 

OctanoVwater partition coefficient Nota licable to endothall acid 0166798, 7/2/92, K. Dockter 
UV/visible abso tion s ectrum Not available 

Endothall mono-N,N-dimethvialkvi amine salt 
Boilin oint Not available 

pH 5.2 at 25"c (I% solution) 0187593, D187590, and D187588, 
515193, K. Dockter 

Density, bulk density, or specific tm8 glmL at25't 0!87593, DI87590, and 0187588, 
ravity 515193, K. Dockter 

Water solubility at 25't ;:>:49.2 gllOOmL in water, pH 5 0210814,819195, S. Knizner 
:;:>:51.6 gil 00 mL in water, pH 7 
>49.8 dtoo mL in water, oH 9 

Solvent solubility at 25't ?:102.5 gllOOmL in acetonitrile D210814, 8/9/95, S. Knizner 
;:>:95.4 gi!OO mL in n-octanol 
>104.3~ g/Joo mL in tetrahydrofuran 

Vapor pressure 2.09 x 10'5 mm Hg at 251::: (calculated; mixed 0206344, 9/22/94, F. Toghrol 
mono- and dialkylamine (C8-C20)) 

Dissociation constant, pK, 4.24 for Step 1 and 6.07 for Step 2 at 20't for D198885, 417194, F. Toghrol 
mixed mono- and dialkylamine (C8-C20) in 
acidified ethanol/water; dissociation complete 
017 minutes ( 1.7 x 101 J.lmho} at 25't 

Octanol/water partition coefficient K0 w 2.097 at concentrations of8.9 x 10· M ond D209995. In0/95, L. Edwards 
8.9 X !0-4 M, at 25't 

UV /visible absorption spectrum Not available 

B. EXPERIMENTAL DESIGN 

B.l. Study Site Information 

Two mint field trials were conducted in Zones 5 and 11 during 2006 and 2007 (Table B.l.l). 
The irrigation water used in each test was treated with endothall (2.0 lb ae/gal SC 
monoalkylamine salt) at a concentration of -5 ppm, acid equivalent. The treated water was 
applied to the mint during vegetative development as six broadcast foliar applications using 
overhead sprinklers, at RTis of6-7 days. A volume equivalent to ~1 acre inch of water (-27,154 
gal/A) was applied for each application. Based on the concentration of the endothall and the 
amount of water applied, application rates for endothall were equivalent to 1.11-1.13 lb 
ae/ A/application, for a total of 6.64-6.77 lb ael A/season (Table B.l.3). These applications are 
expected to be conservative relative to actual applications. 

TABLE B.l.l. Trial Site Conditions. 

Trialldentificatiou (City, State; Year) 
Soil characteristics1 

Type %OM pH CEC (meqllOOg) 

Ephrata, WA 2006 Loamy Sand 1.0 7.4 12.4 
WA$09 

Elkhorn, WI 2007 Muck >70% NR NR 
WI$39 

' These parameters are optwnal except m cases where theJr value affects the use pattern for the chemJcaL 
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TABLE 8.1.2. Water Characterization. 

Water characteristics 
Study site 

Type Hardness/Salinity pH Turbidity Dissolved OM 

Ephrata, WA 2006 Well NR NR NR NR 
WA$09 

Elkhorn, WI 2007 Well NR NR NR NR 
Wl$39 

NR Not reported. 

The actual temperature recordings and rainfall were typical for each site and no unusual weather 
conditions were reported. No additional irrigation was reported during the study period. The 
tests were conducted according to normal agricultural practices for the regionsj and information 
was provided on maintenance pesticides and fertilizers used at each site. No information was 
provided on the characteristics of the water used for irrigation, other than the source (Table 
B.l.2). 

TABLE 8.1.3. Study Use Pattern. 

Location 
Application Infonnation 

(City, State; Year) 
End-Use Single 

RTI 4 
Product Method; Timing Concen. 1 Volume 

Rate Total Rate 4 

Trial ID (gallA) 2 

(lb ae/A) 3 (days) (lb ae/A) 

Ephrata, WA Six broadcast foliar 
2006 2.0 lb/gal application during vegetative 

4.97-5.00 26,715 Ll I 7 6.64 
WA$09 sc development using overhead 

sprinklers. 

Elkhorn, WI 2007 Six broadcast foliar 
Wl$39 2.0 lb/gal application during vegetative 27,!40 5.00 !.!3 6-7 6.77 • sc development using overhead 

sprinklers. 
fhe concentratiOn of endothall (m ac1d eqwvalents) m the JrngatJOn water. No adJUVants were mcluded m the JmgatJOn water. 

2 The target irrigation rate was I acre inch of water or 27,154 gal/A. 
3 The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae), the application 

volume and plot size. 
RTI ~ Retreatment Interval. 
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TABLE B.l.3. Trial Numbers and Geographical Locations. 

NAFTA Mint 
Growing Requested 1 

Zones2 Submitted 
Canada 

I -- --
2 -- --
3 -- --
4 -- --
5 I --
6 -- --
7 -- --
8 -- --
9 -- --
10 -- --
II I --
12 -- --
13 -- --
Total 2 --
Based on EPA OPPTS Gmdehne 860.1500. 

2 Zones !A. 5 A and 8, 7A and 14·21 were not included as the proposed use is for the U.S. only. 

B.2. Sample Handling and Preparation 

U.S. 

--
--
--
--
2 

--
--
--
--
--
3 

--
--
5 

Duplicate control and treated samples (2:4 lbs/sample) of mint tops were harvested at 0 DAT 
(after the sixth application) and placed in frozen storage at the test facilities within 45 minutes. 
Samples were stored frozen at the field sites for 15-34 days prior to shipment by ACDS Freezer 
truck to the analytical laboratory, Ccrexagri, Inc. (King of Prussia, PA), where samples were 
store at $-l8°C until analysis. 

B.3. Analytical Methodology 

Residues of endothall (ffee acid) inion mint tops were determined using a LC/MS/MS method 
(Method No. KP-242Rl) entitled "Analytical Method for Determination ofEndothall in Crops", 
issued 5/4/2007. 

For this method, residues were extracted twice by homogenization with water followed by 
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3P04 at I 00-
1200C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE, 
evaporated to dryness, and reconstituted in hexane:MTBE (1:1 v:v). Residues were then cleaned 
using an amine SPE cartridge eluted with methanol:MTBE (1 :4). Residues were analyzed by 
LC/MS/MS using external standards. The rn!z 397--+ 166 ion transition was used for quantifying 
residues. Residues are expressed in endothall acid equivalents. The validated LOQ for endothall 
in/on mint is 0.05 ppm. An LOD ofO.OOOI ppm was reported; however, this value was the 
instrument LOD, rather than the LOD of residue in a control matrix. 

DP# 356315/MRID No. 47520717 Page6of8 

21~/L/ 



~*I Endothall/038901/Interregional Research Project No.4 
==::.c·-t,.l DACO 6.4, 7 .4, 7 .8/0PPTS 860.1400/0ECD IliA 8.4.3 and lilA 8.3 

Water, Fish, and Irrigated Crops- Irrigated Mint 

The above method was validated prior to and in conjunction with the analysis of the field trial 
samples. Control samples of mint were fortified with endothall at 0.05-5.0 ppm for method 
validation and at 0.05-4.0 ppm for concurrent recoveries. 

C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for determining residues of endothall inion mint was adequately 
validated prior to and in conjunction with the analysis of field trial samples. Method validation 
recovery averaged 78% with a standard deviation of 8%, and concurrent recoveries averaged 
79% with a standard deviation of 6% (Table C.l). Apparent residues of endothall were <LOQ 
inion control samples. Adequate sample calculations and example chromatograms were 
provided and the fortification levels used for method recoveries were similar in magnitude to the 
measured residue levels. 

Mint top samples were stored frozen at :S-l8°C for up to 336 days prior to analysis (Table C.2). 
Adequate storage stability data are available indicating that endothall is stable in frozen lettuce 
for up to 469 days (47520719.der, under review). The stability data for lettuce will support the 
storage durations and conditions for the current mint field trials. 

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm 
(6.64-6.77lb ae/A/season), endothall residues were 1.31-2.89 ppm inion four mint samples 
harvested at 0 DAT (Table C.3). Average endothall residues were 2.14 ppm, and the HAFT 
residues were 2.80 ppm (Table C.4). No residue decline data was provided. 

Common cultural practices were used to maintain plants, and the weather conditions and 
maintenance chemicals and fertilizer used in this study did not have a notable impact on the 
residue data. Phytotoxicity was noted at the W A test site. At this site, the treated plot showed 
reduced development and regrowth, resulting in a stunted less vigorous crop. Although the 
apparent phytotoxicity resulted in less biomass, adequate sample material was available for 
representative duplicate treated samples. 

TABLE C.l. Summary of Method Validation and Concurrent Recoveries of En dol hall from Mint. 

Matrix Spike Level Sample Size Recoveries Mean± Std. Dev. 
(ppm) (o) (%) (%) 

Method Validation 
0.05 3 74, 72,71 72±2 

0.5 3 72, 72, 14 73±2 
Tops 5.0 3 85, 90, 90 88±3 

Total 9 71-90 78 ±8 

Concurrent Recoveries 

0.05 2 85,78 82 

2 l 72 72 
Tops 4 l 82 82 

Total 4 72-85 79± 6 
> Standard dev1allons are calculated for dala sets havtng _3 values. 
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TABLE C.Z. Summary of Storage Conditions. 

Matrix Storage Temperature Actual Storage Duration 
(oC) (daysY 

Mim tops <-18 22-336 

' Interval from harvest to extractiOn for analysts. Samples were extracted the day of analysis. 
2 Endothall is stable in frozen lenuce for up to 469 days (475207I9.der under review). 

Interval of Demonstrated 
Storage Stability (daysi 

469 

TABLE C.3. Residue Data from Mint Field Trials with Endothaii Monoaikylamine Salt (SC/L). 

TrialiD Zone Cropf\lariety Matrix 
Total Rate 1 PHI 

Residues (ppm) 2
• 

3 

(City, State; Year) ppm lb ae!A (days) 

Ephrata, WA 2006 
II 

Mint (Todd's 
Tops 5.0 6.64 0 2.89 2.70 

WA$09 Mitchem) 

Elkhorn, WI 2007 
5 

Mint (Black 
Tops 5.0 6.77 0 1.67 1.31 Wf$39 Mitchem) 

The rate ts expressed both m tenns of the concentratton m the trngatton water (ppm) and the total amount (lb ae!A) apphed. 
2 Expressed in acid equivalents. The LOQ is 0.05 ppm. 
3 The two results for each field trial represent two samples taken from a single plot, not two plots. 

TABLE C.4. Summary of Residue Data from Mint Field Trials with Endothaii Monoamine Salt (SC/L). 

Total Applic. PHI 
Commodity 

Rate 1 (days) Min. M•c " 
Mint 

5ppm 
0 2 1.49 2.80 (6.64·6. 77) 

The value m parentheses ts the Iota I apphcatton rate Ill tenns of lb ae/A. 
2 Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm. 

HAFT"' Highest Average Field Trial. 

D. CONCLUSION 

Residue Levels (ppm) 2 

HAFT' Median Mean Std. Dev. (STMdR) (STMR) 

2.80 2.14 2.14 0.923 

The available field trial data are adequate and support the Use of endothall-treated water for 
irrigation of mint. The data support the use of endothall in irrigation water at a concentration of 
5 ppm ae, with no more that six applications per season and a minimum 7-day interval between 
applications to the water. Residues on the mint were determined at a O~day PHI. 
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None 
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Primary Evaluator 

Approved by 

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road, 
Building 100, Suite B, Durham, NC 27713; submitted 3/27/2009). The DER has been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

47520717. Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on Mint: 
Lab Project Number: Z9758, Z9758.07-CER13 Unpublished study prepared by Interregional 
Research Project No.4. 253 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No. 4 (IR-4) submitted a mint processing study reflecting the 
exposure of mint to endothall through the use of treated inigation water. In a field trial 
conducted in WA (Zone I I) during 2006, a 2.0 lb ae/gal soluble concentrate (SC/L) formulation 
of endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae. 
(In order to avoid the complications of different molecular weights for different salts, endothall 
concentrations are expressed as the free acid equivalents (ae).] The treated water was then 
applied using overhead sprinklers to mint as six broadcast foliar applications during vegetative 
development at retreatment intervals (RTis) of7 days. A volume equivalent to l acre inch of 
water (~27,154 gal/A) was applied for each application. Based on the concentration of the 
endothall in the irrigation water and the amount of water applied, the application rate for 
endothall was equivalent to 1.11 lb ae/A/application, for a total of 6.64lb ae/A/season. 

Single bulk control and treated samples of mint tops were harvested at normal crop maturity, 
immediately following the last irrigation (0 days after treatment, DA T). The tops were processed 
into oil using simulated commercial procedures, Samples of tops and oil were stored at :S::~ l7°C 
for up to 366 and 241 days, respectively, prior to analysis. The sample storage intervals and 
conditions are supported by the available storage stability data. 

Residues ofendothall (free acid) inion mint tops and oil were determined using an adequate 
LC/MS/MS method (Method No. KP-242Rl). Residues in tops were extracted with water and 
then derivatized with heptafluoro-p~tolylhydrazine (HFTH) in 50% H3P04. Oil samples were 
diluted with water and partitioned against hexane, and the aqueous soluble residues were then 
derivatized with HFTH. The derivatized residues from each matrix were then cleaned up by 
partitioning into methyl t-butyl ether (MTBE) followed by elution through an amine solid phase 
extraction (SPE) cartridge. Residues were then analyzed by LCIMS/MS using external standards 
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for quantitation. The validated limit of quantitation (LOQ) for endothall is 0.05 ppm in each 
mint matrix, and the estimated limit of detection (LOD) was reported to be 0.000 I ppm. 

Following six overhead sprinkler applications of endothall (monoalkylamine salt) to mint at rates 
totaling 6.64 1b ae/A, residues were 3.96 ppm in mint tops (RAC) and nondetectab1e (<0.0001 
ppm) in mint oil, indicating that the processing factor of endothall in mint oil is <O.OOlx. 

STUDY IW AIVER ACCEPTABILITY /DEFICIENCIES/CLARIFICATIONS: 

Under the conditions and parameters used in the study, the mint processing residue data are 
scientifically acceptable. The acceptability of this study for regulatory purposes is addressed in 
the forthcoming U.S. EPA Residue Chemistry Summary. Document, DP# 356315. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUND INFORMATION 

Endothall [7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide, 
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class. 
The free acid ofendothall (PC Code 038901) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. , including irrigation canals. They are also registered for 
desiccation/ defoliation of alfalfa/clover (grown for seed only), cotton, and potatoes prior to 
harvest, and for reduction of sucker branch growth in hops. Permanent tolerances are established 
for the combined residues of endothall and its monomethyl ester at 0.1 ppm inion cotton seeds, 
fish, dried hops and potatoes, and at 0.05 ppm inion rice grain and straw [40 CFR 
§ !80.293(a)( I)]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419), 
IR-4 has submitted field trial data reflecting irrigation of mint with endothall-treated water. The 
chemical structure and nomenclature of endothall and its monoalkylamine salt are listed in Table 
A. I. The physicochemical properties of technical grade endothall and its monoalkylamine salt 
are listed in Table A.2. 
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Table A. I. Nomenclature of Endoihall and its Monoalkvlamine Salt. 
Chemical Structure 0 

c OH 

OH 

0 
Common name En dot hall 
Molecular Fonnula CsH:oOs 
Molecular Weight 186.16 
lUPACname 7-oxabic clof2.2.1 he tane-2,3-dicarbox lie acid 
CAS name 7-oxabic clo 2.2.1 he tane-2,3-dicarbox lie acid 
CAS# 145-73-3 
PC Code 038901 
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed 
Registration 
Chemical Strucmre 0 

c - H,C 
0 \ . 
OH 1

N-CH2(n)CH
3 

H,C 

0 (n~7-17) 

Common name Endothall, mono-N,N-dimethylalkyl amine salt 
Molecular Formula Not available 
Molecular Weight Ave111ge: 422 
IUPAC name 7-oxabic lo 2.2.1 he tane-2,3-dicarbox lie acid, com ound with N,N-dimeth lcocoamine 
CAS name Not available 
CAS# 66330-88-9 
PC Code 0389{15 
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed, aquatic uses 
Registration 

Table A.2. Phvsicochcmical Pronerties ofEndothail and Its Monoalkvlamine Salt. 
Parameter !Value I Reference 
Endotball (acid) 
Melting point 108-llO't D187S93, D187590, and Dl87588, 

515193, K. Dockter 
pH 2.7 at 25't (I% solution) 0187593, DI87590, and 0187588, 

515193, K. Dockter 
Density, bulk densi1y, or specific 0.481 g/cm3 (bulk) at 25't 0187593, D 187590, and DI87588, 

leravitv 515193, K. Dockter 
Water solubility at 25 't 109.8 giL 0166798,712/92, K. Dock1er 

13.1 g/100 mL in water, pH 5 0207011, 9/30/94, F. Toghrol 
12.7 g/100 mL in water, pH 7 
12.5 ;;100 mL in water, pH 9 

Solvent solubility at 25't 3.4 g/100 mL in acetonitrile 0207011, 9/30194, F. Toghrol 
2.4 g/1 00 mL in n-octanol 
!6.0"' g/1 00 mL in tetrahydrofuran 

Vapor pressure 3.92x 10· mml:lgat24.3't DI66798, 7/2/92, K. Dockter 
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Table A.2. Physicochemical Properties of Endothall and Its Monoalk't'lamine Salt. 
Pararne1er Value Reference 
Dissociation constant, pK, 4.32 for Step I and 6.22 for Step 2 at 20't (0.2% D188708, 5/3193, K. Dockter 

solution in 20% basic ethanol); dissociation rate 
1.8-2.3 x I 01 

)I mho within 3-5 minutes at 025't, 
by conductivity meter 

Octanol/water partition coefficien1 Not applicable to endothall acid D166798, 7/2/92, K. Dockter 
UY/visible absorption spectrum Not available 

Endothail mono-N,N-dimethvlalkvl amine salt 
Bailin oint Not available 
pH 5.2 at 25 't (I% solution) D187593, 0187590, and Dl87588, 

5!5193, K. Dockter 
Density, bulk density, or specific 1.028 glmL at 25't 0187593, D187590, and D187588, 
ravitv 5!5193, K. Dockter 

Water solubility at 25't 2:49.2 gllOOmL in water, pH 5 02!0814, 8!9195, S. Knizner 
2:51.6 g/100 mL in water, pH 7 
>49.8 inoo mL in waJer, PH 9 

Solvent solubility at 25"c 2:102.5 gil OOmL in acetonitrile 02108!4, 8/9/95, S. Knizner 
2:95.4 g/100 mL in n-octanol 
>104.3-g/100 mL in tetrahydrofuran 

Vapor pressure 2.09 x 10'5 mm Hg at 25't (calculated; mixed 
mono- and dialkviamine (C8-C2{))). 

0206344, 9/22/94, F. Toghrol 

Dissociation constant, pK, 4.24 for Step 1 and 6.07 for Step 2 at 20't for 0!98885, 4!7/94, F. Toghrol 
mixed mono- and dialkylamine (C8-C20) in 
acidified etbano!fwa1e~; dissociation complete 
017 minutes (1.7 x 103 j..tmho) at 25't 

Octanol/water partition coefficient K0 w2.097 at concentrations of8.9 x w·J M and D209995, I/20!95, L. Edwards 
8.9 X 10'4 M, at 25"c 

UY/visible absorption spectrum Not available 

B. EXPERIMENTAL DESIGN 

B.l. Application and Crop Information 

In a field trial conducted in WA (Zone 11) during 2006, mint was irrigated with endothall-treated 
water using overhead sprinklers (Table B.l.l). The irrigation water was treated with endothall 
(2.0 lb ae/gal SC/L monoalkylamine salt) at a concentration of -5 ppm, acid equivalent. The 
mint field was irrigated six times during vegetative development at RTis of 7 days. A volume 
equivalent to -I acre inch of water (27,154 gal/A) was applied for each irrigation. Based on the 
concentration of the endothall and the amount of water applied, application rate for endothall 
was equivalent to 1.11 lb ae/ A/application, for a total of 6.64 Ib ae/ Nseason. 
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TABLE B.I.l. Study Use Pattern. 

Location 
End-Use 

Application Information 
(City, State; Year) Product Method; Timing Concen. 1 Volume Single Rate RTI 4 Total Rate 
Trial\D (gaiJA) 2 (lb ae/A) 3 (days) (lb ae/A) 3 

Ephrata, WA 2006 Six broadcast foliar 
WA$09 2.0 lbfgal application during 

4.97~5.00 26,715 l.\1 7 6.64 sc vegetative development 
using overhead sprinklers. 

The concentrate of endothal! (m ac1d equ1valents) m the 1rngat1on water. No adJUVants were mcluded m the 1IT1gat1on water. 
2 The target irrigation rate was I acre inch of water or 27, !54 gallA 
3 The equivalent field use rates were calculated by the reviewer based on the concentration of the endothal! (ae), the application 

volume and plot size. 
4 RTI = Retreatment IntervaL 

B.2. Sample Handling and Processing Procedures 

Single bulk control and treated samples of mint tops (2:134lbs/sample) were harvested at 0 DAT, 
and were delivered fresh on the day after harvest by field persormel to the processing facility, 
Englar Food Laboratories, Inc. (Caldwell, ID). The samples were placed in cool storage 4 ± 3°C 
prior to processing, which was completed within 4 days of harvest. 

The mint tops samples were processed according to simulated commercial procedures into mint 
oil (Figure B. I). The mint was placed in a modified steam retort and steam was injected through 
the bed for l-2 hours. The condensate was collected and a layer of mint oil formed on the top of 
the condensate. The mint oil was condensed and separated from the water. Samples were placed 
in frozen storage ~ 17°C immediately after processing. Samples were shipped frozen 
approximately I month after the completion of processing to the analytical laboratory, United 
Phosphorous, Inc., (King of Prussia, PA) via ACDS freezer truck At the analytical laboratory, 
the samples were stored frozen (.:S~ l8°C) prior to analysis. 
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FIGURE B.!. Processing Flowchart for Mint. 
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B.3. Analytical Methodology 

Residues of the free acid of endothall in/on mint tops and oil were determined using a 
LC/MS/MS method (Method No. KP-242Rl) entitled "Analytical Method for Determination of 
Endothall in Crops", issued 5/4/2007. 

For this method, residues inion mint tops were extracted twice by homogenization with water 
followed by centrifugation and filtering. The oil samples are mixed with water and then 
partitioned 3x with hexane, discarding the hexane phases. Residue in the resulting water 
fractions from both matrices were then derivatized with HFTH in 50% H3P04 at 1 00-120°C for 
90 minutes. After cooling, the derivatized residues were partitioned into MTBE, evaporated to 
dryness, and reconstituted in hexane:MTBE ( l: 1 v:v). Residues were then cleaned using an 
amine SPE cartridge eluted with methanol:MTBE (1:4). Residues were analyzed by LC/MS/MS 
using external standards. The m/z 397--t 166 ion transition was used for quantifying residues, 
and residues are expressed in acid equivalents. The validated LOQ for endothall is 0.05 ppm in 
mint tops and oil, and the estimated LOD is 0.0001 ppm. 

For method validation, control samples of mint tops and oil were fortified with endothall at 0.05-
5.0 ppm. For concurrent recoveries, control sample were fortified with endothall at 0.05-4.0 
ppm for mint tops and at 0.05 and 1.0 ppm for mint oil. 

C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for determining residues of endothall inion mint tops and oil was 
adequately validated prior to and in conjunction with the analysis of field trial samples. Method 
validation recoveries averaged 78% with a standard deviation of 8% for mint tops and 74% with 
a standard deviation of 3% for mint oil (Table C. I). Concurrent recoveries averaged 79% with a 
standard deviation of 6% for mint tops and 83% (n=2) for mint oil. Apparent residues of 
endothall were <LOQ in/on control samples. Adequate sample calculations and example 
chromatograms were provided and the fortification levels used for method recoveries were 
similar in magnitude to the measured residue levels. 

Samples of mint tops and oil were stored frozen at :$-l7°C for up to 336 days prior to analysis, 
and mint oil samples were stored up to 241 days (Table C.2). Adequate storage stability data are 
available indicating that endothall is stable under frozen storage conditions for up to 469 days in 
lettuce and for up to 306 days in soybean oil ( 47520719.der, under review). These stability data 
will support the storage durations and conditions for the mint processing study. 

Following six overhead sprinkler applications of endothall (rnonoalkylamine salt) to mint at rates 
totaling 6.64lb ae/A, residues in mint tops (RAC) were 3.96 ppm (Table C.3). Residues in oil 
were ND (<0.000 l ppm), resulting a processing factor of <0.00 1 x. 
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TABLEC.I. Summary of Method Validation and Concurrent Recoveries ofEndothall from Mint. 

Matrix Spike Level Sample Size Recoveries Mean± Std. Dev. 
(ppm) (o) (%) (%) 

Method Validation 

0.05 3 74, 72,71 72 ±2 

Tops 
0.5 3 72, 72, 74 73 ±2 

5.0 3 85,90, 90 88 ±3 

Total 9 71-90 78<8 
0.05 3 70, 70, 72 71 ±I 

Mint oil 
0.5 3 76, 74, 74 75 ±I 

5.0 3 80, 78, 75 78 ±3 

Total 9 70-80 74±3 

Concurrent Recoveries 

0.05 2 85,78 82 

Tops 
2.0 I 72 72 

4.0 I 82 82 
Total 4 72-85 79 ±6 

Mint Oil 
0.05 I 78 

83 
1.0 I 87 

Standard dev1at1ons are calculated for data sets havmg 2:3 values. 

TABLEC.2. Summary of Storage Conditions. 

Matrix Storage Temperature Actual Storage Duration Interval of Demonstrated 
("C) (daysY Storage Stability (days)" 

Tops 
:5-17 

22-336 467 

Oil 241 306 
Interval from harvest to extraction for analys1s. Samples were extracted up to 4 days pnor to analys1s. 
Endotha!! is stable under frozen storage conditions for up to 469 days in lettuce and 306 days in soybean oil (47520719.der 
under review). 

TABLEC.3. Residue Data from Mint Processing Study with EndothaU. 

RAC Processed Commodity Total Rate 1 PHI Residues Processing 

ppm lb ae/A (days) (ppm) 2 Factor 

Mint Tops (RAC) 
5.0 6.64 0 

3.96 --
Oil ND <O.OOlx 

The ra1e IS expressed both m terms of the concentration 111 the lfr1gat10n water (ppm) and the total amount (!b ae!A) applied. 
2 Expressed in acid equivalents. The LOQ is 0.05 ppm and the esf1ma1ed LOD is 0.0001 ppm. 
ND "'not detected. 
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D. CONCLUSION 

The mint processing study is adequate. Endothall residues are reduced in mint oil ( <O.OOlx). 

E. REFERENCES 

None 

F. DOCUMENT TRACKING 

RDI: David Soderberg (5 June 2009); William Donovan (5 June 2009). 
Petition Nwnber: 8E7419 
DP#: 356315 
PC Code: 038901 and 038905 

Template Version June 2005 
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Primary Evaluator iJ Date: 5 June 2009 

David Soderberg, Chemist, V, HED 

Approved by CJ~"}J. 1),~. Date: 5June2009 
William Donovan, Senior Scientist, RABV, 
HED 

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road, 
Building 100, Suite B, Durham, NC 27713; submitted 3/30/2009). The DER has been reviewed by the 
Health Effects Division (l-IED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

47520718. Arsenovic, M. (2008) Endothall (Hydrotholl91): Magnitude of the Residue on Rice: 
Lab Project Number: 29761. Unpublished study prepared by Interregional Research Project No. 
4. 323 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No.4 (IR~4) submitted field trial data reflecting the exposure of 
rice to endothall through the use of treated irrigation water. In four rice field trials conducted 
during 2007 in Zones 4, 6 and 10, a 2.0 lb ae/gal soluble concentrate (SC/L) formulation of 
endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae. (In 
order to avoid the complications of different molecular weights for different salts, endothall 
concentrations are expressed as the free acid equivalents (ae).] The treated water was applied to 
the rice during grain development and maturation as six broadcast foliar applications using 
overhead sprinklers, at retreatment intervals (RTis) of 6-8 days. A volume equivalentto ~ 1 acre 
inch of water (27,154 gal/ A) was applied for each application. Based on the concentration of the 
endothall and the amount of water applied, the application rates for endothall were equivalent to 
I. 13 lb ae/ A/application, for a total of 6. 75-6.77 lb ae!A/season. 

Single control and duplicate treated samples of rice grain and straw were harvested from each 
test on the day of the final application or one day later (0~ 1 DAT), and samples were stored at 
:s~ 1 0°C for up to 99 days prior to analysis. Adequate storage stability data are available to 
support the duration and conditions of sample storage. 

Residues of endothall (free acid) inion rice grain and straw were determined using an adequate 
LCIMSIMS method (Method No. KP·242Rl). For this method, residues were extracted with 
water and then derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H3P04. The 
derivatized residues were cleaned up by partitioning into methyl t~butyl ether (MTBE) and 
elution through an amine solid phase extraction (SPE) cartridge. Residues were then analyzed 
by LC/MS/MS using external standards for quantitation. Residues are expressed in endothall 
acid equivalents. The validated limit of quantitation (LOQ) for endothall inion rice grain and 
straw is 0.05 ppm. 
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Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm 
(6.75-6. 77 lb ae/A/season), endothall residues were 0.69-1.22 ppm inion four samples of rice 
grain and 0.94-2.61 ppm inion four samples of rice straw harvested at 0·1 DAT. Average 
endothail residues were 1.01 ppm for grain and 1.90 ppm for straw, and the highest average field 
trial (HAFT) residues were 1.18 ppm for grain and 2.60 ppm for straw. No residue decline data 
was provided. 

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS: 

Under the conditions and parameters used in the study, the rice field trial residue data are 
classified as scientifically acceptable. Although limited field trials were performed, these 
applications are expected to be conservative relative to actual inadvertent applications. The 
acceptability of this study for regulatory purposes is addressed in the forthcoming U.S. EPA 
Residue Chemistry Summary Document, DP# 356315. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUND INFORMATION 

Endothall [7-oxabicyclo[2,2, 1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide, 
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class. 
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. , including irrigation canals. They are also registered for 
desiccation/ defoliation of alfalfa/clover (grown for seed only), cotton, and potatoes prior to 
harvest, and for reduction of sucker branch growth in hops. Permanent tolerances are established 
for the combined residues of endothall and its monomethyl ester at 0.1 ppm inion cotton seeds, 
fish, dried hops and potatoes, and at 0.05 ppm inion rice grain and straw [40 CFR 
§ 180.293(a)(l)]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419), 
IR-4 has submitted field trial data reflecting irrigation of rice with endothall-treated water. The 
chemical structure and nomenclature of endothall and its monoalkylamine salt are listed in Table 
A.l. The physicochemical properties of technical grade endothall and its monoalkylarnine salt 
are listed in Table A.2. 
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Table A. I. Nomenclature of Endothall and its Monoalkvlamine Salt. 
Chemical Structure 0 

( OH 

OH 

0 
Common name Endotha\1 
Molecular Formula C~H,00~ 
Molecular Wei t 186.16 
IUPAC name 7-oxabic c\o[2.2.1 he tane-2,3-dicarbox lie acid 
CAS name 7-oxabicyclo 2.2.llheptane-2,3-dicarbox lie acid 
CAS# 145-73-3 
PC Code 038901 
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed 
Registration 
Chemical Siruclure 0 

c 0 
H,C 

\ . 
OH 

l-C!-I,(n)CH, 

H,C 

0 (n~7-17) 

Common name Endothall, mono-N,N-dimethylalkyl amine salt 
Molecular Formula Not available 
Molecular Wei t Avera e: 422 
IUPAC name 7-oxabic clo 2.2.1 heptane-2,3-dicarbox lie acid, com ound with N,N-dimeth 
CAS name Not available 
CAS# 66330-88-9 
PC Code 038905 
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed, aquatic uses 
R~giSlration 
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Table A.2. Physicochemical Prooerties of Endothall and Its Monoalkvlamine Salt. 
Parameter I Value I Reference 

Endothall (acid) 
Melting point 108-llO't D187593, DI87590, and Dl87588, 

5!5/93, K. Dockter 
pH 2. 7 at 25't (I% solution) D187593, D187590, and Dl87588, 

5!5193, K. Docklel 
Density, bulk density, or specific 0.481 gicm3 (bulk) at 25't D187593, Dl87590, and Dl87588, 
I gravitY 5/5/93, K. Dockter 
Water solubility at 25't 109.8g/L D166798, 7/2/92, K. Dockter 

13.1 g/100 mL in water, pH 5 D207011, 9/30/94, F. Toghrol 
12.7 g/100 mL in water, pH 7 
12.5 d1 00 mL in water, oH 9 

Solvent solubility at 25't 3.4g/IOO mL in acetonitrile D207011, 9/30/94, F. Toghwl 
2.4 g/100 mL in n-octanol 
16.0 g/1 00 mL in tetrahydrofuran 

Vapor pressure 3.92 x 10'5 mm Hg at 24.3"C DI66798, 712Jf)2, K. Dockter 
Dissociation constant, pK. 4.32 for Step I and 6.22 for Step 2 at 20't (0.2% D 188708, 5/3/93, K. Dockter 

solution in 20% basic ethanol); dissociation rate 
1.8-2.3 x !OJ ).lmho within 3-5 minutes at 025't, 
by conductivity meter 

Octanol/water partition coefficient Not applicable to endothall acid Dl66798, 7/2/92, K. Docktet 
UV/visible absorption ~pectrum Not available 

Endothall, mono-N,N-dimeth lalkvl ami'ne salt 
Bailin oint Not available 
pH 5.2 at 25't (1% solution) Dl87593, D187590, and Dl87588, 

515193, K. Dockter 
Density, bulk density, or specific 1.028 g/mL at 25't D187593, 0187590, and D I 87588, 
ravity 5!5/93, K. Dockter 

Water solubility at25't ?:.49.2 g/100mL in water, pH 5 D210814, 8/9/95, S. Knizner 
?:.51.6 g/100 mL in water, pH 7 
>49.8 diOO mL in water, oH 9 

Solvent solubility at 25't ?:.102.5 g/IOOmL in acetonittile D210814, 8/9/95, S. Knizner 
?:.95.4 g/100 mL in n-octanol 
>104.30" g/ioo mL in tetrahydrofutan 

Vapor pressure 2.09 x 10'5 mm Hg at25't (calculated; mixed 
mono- and dialkylamine (C8·C20)) 

D206344, 9122194, F. Toghrol 

Dissociation constant, pK, 4.24 for Step 1 and 6.07 for Step 2 at 20't for Dl98885, 4/7/94, F. Togluol 
mixed mono- and dialkylaminc (C8-C20) in 
acidified ethanol/water; dissociation complete 
017 minutes (1.7 x !OJ J.Lmho) at 25't 

Octanol/water partition coefficient K0 w 2.097 at concenttations of 8.9 x 10· M and D209995, 1/20/95, L Edwards 
8.9 x !04 M, at 25't 

UV /visible absorption spectrum Not available 

B. EXPERIMENTAL DESIGN 

B.l. Study Site Information 

Four rice field trials were conducted in Zones 4, 6 and 10 during 2007 (Table B.l.l ). The 
irrigation water used in each test was treated with endothall (2.0 lb ae/gal SC monoalkylamine 
salt) at a concentration of ~5 ppm, acid equivalent. The treated water was applied to the rice 
during grain development and maturation as six broadcast foliar applications using overhead 
sprinklers, at RTis of6-8 days. A volume equivalent to -1 acre inch of water (~27,154 gallA) 
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was applied for each application. Based on the concentration of the endothall and the amount of 
water applied, application rates for endothall were equivalent to 1.13 lb ae/ Napplication, for a 
total of 6. 75-6.77 lb ae/A/season (Table B.l J). These applications are expected to be 
conservative relative to actual applications 

TABLE B.l.L Tria I Site Conditions. 

Trial Identification (City, State; Year) 
Soil characteristics 1 

Type %OM pH CEC (meqll DOg) 

East Bernard, TX 2007 Sandy Clay Loam 0.3 6.\ 6.4 
TX$24 

Cheneyville, LA 2007 
Sandy Clay Loam 0.8 8.1 \4.3 

LA$25 

Newport, AR 2007 
Loam 1.3 6.5 5.9 

AR$26 

Biggs, CA 2007 
Clay Loam 2.4 5.4 24.5 

CA$27 

' These paramelers are optional except m cases where the1r 1alue affects the use pattern for !he chermcaL 

TABLE 8.1.2. Water Characterization. 

Study site 
Water characteristics 

Type Hardness/Salinity pH Turbidity Dissolved OM 

East Bernard, TX 2007 Well NR NR NR NR 
~~ 
Cheneyviile, LA 2007 

Well NR NR NR NR 
LA$25 

Newport, AR 2007 City water NR NR NR NR 
AR$26 

Biggs, CA 2007 Well NR NR NR NR 
CA$27 

NR not reported. 

The actual temperature recordings and rainfall were typical for each site and no unusual weather 
conditions were reported. No additional irrigation was reported during the study period. The 
tests were conducted according to normal agricultural practices for the regions, and infonnation 
was provided on maintenance pesticides and fertilizers used at each site. No information was 
provided on the characteristics ofthe water used for irrigation, other than the source (Table 
B.l2). 
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TABLE B.I.3. Study Use Pattern. 

Location 
End-Use 

Application Information 
(City, State; Year) 

Product Method; Timing Concen. 1 Volume Single Rate 
Trial!D (gallA) 2 (lb ae/A) 3 

East Bernard, TX Six broadcast foliar 
2007 

2.0 lb ae/gal 
application from 

27,046-
TX$24 heading through grain 4.98-5.00 1.13 SC!L 

maturation using 27,089 

overhead sprinklers. 

Cheneyville, LA 2007 Six broadcast foliar 
LA$25 

2.0 lb aeJgal 
application from 
heading through grain 4.98-5.00 27,151 1.13 SC/L 
maturation using 
overhead sprinklers. 

Newport, AR 2007 Six broadcast foliar 
AR$26 

2.0 Ib ae/gal 
application from early 

27,135-
SCIL 

flowering through grain 5.0 
27,163 

1.13 
maturation using 
overhead sprinklers. 

Biggs, CA 2007 Six broadcast foliar 
CA$27 

2.0 lb ae/gal 
application from milk 

SCIL 
grain stage through 5.0 27,149 1.13 
grain maturation using 
overhead sprinklers. 

RTI 4 Total Rate 
(days) (lb ae/A) 3 

6-7 6.75 

6-7 6.77 

7-8 6.76 

6-8 6.76 

The concentratwn of endothall (m ac1d equivalents) In the 1mgat10n water. No adJuvants were mcluded m the lfflgatlOn water. 
2 The target irrigation rate was I acre inch of water or 27,154 gal/A. 
3 Tbe equivalent field usc rates were calculated by the reviewer based on the concentration of the endolhatl (ae), the application 

volwne and plot size. 
4 RTI = Retreatment Interval. 

TABLE B.l.4. Trial Numbers and Geographical Locations. 

NAFTA Growing Rice 
Zones 1 

Submitted Requested 

Canada u.s. 
I -- -- --
2 -- -- --
3 -- -- --
4 2 -- 7 

5 -- -- I 

6 I -- 2 

7 -- -- --
8 -- -- --
9 -- -- --
!0 I -- 2 

II -- -- --
12 -- -- --
IJ -- -- --
Total 4 -- 12 

' Zones lA, SA and B, 7 A and 14-20 were not mcluded as the use lS for U.S only. 
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B.2. Sample Handling and Preparation 

Samples of rice grain and straw were harvested at 0 or I DA T. Duplicate control and treated 
samples (2:1.0 lbs/sample straw and 2:2.0 lb/sample grain) were collected from each test and 
placed in frozen storage at each test facility within 6.5 hours. Samples were stored frozen at the 
field sites for 3-22 days. Samples were then shipped by ACDS freezer truck to the analytical 
laboratory, ALS Laboratory Group (Edmonton, AB, Canada), and stored frozen (S-1 OEC) prior 
to analysis. 

B.3. Analytical Methodology 

Residues of endothall (free acid) inion rice grain and straw were determined using a LCIMS/MS 
method (Method No. KP-242Rl) entitled "Analytical Method for Determination ofEndothall in 
Crops", issued 5/4/2007. 

For this method, residues were extracted three times by homogenization with water followed by 
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3P04 at I 00-
1200C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE, 
evaporated to dryness, and reconstituted in hexane:MTBE (1:1 v:v). Residues were then cleaned 
using an amine SPE cartridge eluted with methanol. Residues were analyzed by LC/MS/MS 
using external standards. The mlz 397-> 166 ion transition was used for quantifying residues. 
Residues are expressed in endothall acid equivalents. The validated LOQ for endothall in/on 
grain and straw is 0.05 ppm. An LOD of0.000025 ppm was reported; however, this value was 
the instrument LOD, rather than the LOD of residues in a control matrix. 

The above method was validated prior to and in conjunction with the analysis of the field trial 
samples. Control samples of grain and straw were fortified wtth endothall at 0.05-5.0 ppm for 
both method validation and concurrent recoveries. 

C. RESULTS AND DISCUSSION 

The LC/MS/1\1S method used for determining residues of endothall in/on rice was adequately 
validated prior to and in conjunction with the analysis of field trial samples. The average method 
validation recoveries (±SD) were 80 ± 8% for rice grain and 95 ± 12% for rice straw (Table C.l). 
Average concurrent recoveries (±SD) were 81 ± 7% for grain and 77 ± 8% for straw. Apparent 
residues of endothall were <LOQ in/on control samples. Adequate sample calculations and 
example chromatograms were provided, and the fortification levels used for the method 
recoveries were similar in magnitude to the measured residue levels. 

Samples of rice grain and straw were stored at <-1 0°C for up to 99 days prior to analysis (Table 
C.2). Adequate storage stability data are available indicating that endothall is stable under frozen 
storage conditions for up to 306-469 days in lettuce, tomatoes, sugar beet roots, corn grain, and 
soybean seed and oil. As these data indicate that endothall is stable on diverse plant matrices 
during frozen storage, these data will support the storage durations and conditions for the current 
rice field trials. 
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Following six overhead sprinkler applications with inigation water containing endothall at 5 ppm 
(6.75-6.77 lb ae/A/season), endothall residues were 0.69-1.22 ppm in/on four samples of rice 
grain and 0.94-2.61 ppm inion four samples of rice straw harvested at 0-1 DAT (Table C.3). 
Average endothall residues were 1.01 ppm for grain and 1.90 ppm for straw (Table C.4). The 
HAFT residues were 1.18 ppm for grain and 2.60 ppm for straw. No residue decline data was 
provided. 

Common cultural practices were used to maintain plants, and the weather conditions and 
maintenance chemicals and fertilizer used in this study did not have a notable impact on the 
residue data. No phytotoxicity was noted at any of the test sites. 

TABLE C.l. Summary of Method Validation and Concurrent Recoveries of Endothall from Rice. 

Matrix Spike Level Sample Size Recoveries Mean± Std. Dev. 
(ppm) (n) (%) (%) 

Method Validation 

0.05 3 93, 88, 88 90±3 

Grain 
0.5 3 76, 77, 75 76± I 
5.0 3 74, 75, 71 73 ±2 

Total 9 71-93 80±8 

0.05 3 81,74,83 79± 5 

Straw 0.5 3 97, 103.109 103 ± 6 

5.0 3 96, 102, 106 !OJ± 5 

Total 9 74-109 95± 12 

Concurrent Recoveries 

0.05 2 87,85 86 

Grain 
0.5 I 70 70 

5.0 I 80 80 

Total 4 70-87 81 ± 7 

0.05 2 70, 70 70 
Straw 5.0 2 87,80 83 

Total 4 70-87 77± 8 
Standard dev1at1ons are calculated for data sets havmg ::-::3 values. 

TABLE C.Z. Summary of Storage Conditions. 

Marrix Storage Temperature Actual Storage Duration Interval of Demonstrated 
co c) (days)1 Storage Stability (daysf 

Grain 
~10 

64-90 
306-469 

Straw 73-99 
. Interval from harvest to extrac\lon for analySIS. Extracts were stored 2 8 days pnor to analys1s . 

~ Based on storage stability data from frozen tomatoes, lettuce, corn grain, sugar beet roots, and soybean seeds (4 7520719.der, 
under review). 
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TABLEC3. Residue Data from Rice Field Trials with Endothall Monoalkylamine Salt (SC/L). 

Trial\0 Zone Crop; Variety Matrix 
Total Rate 1 PHI 

Residues (ppm) 2
•

4 

(City, State; Year) ppm lb actA (days) 

East Bernard, TX 2007 
6 Rice; Cocodrie 

Grain 
5.0 6.75 I 

1.22 L\4 
TX$24 Straw 1.99 2.24 

Cheneyville, LA 2007 
4 

Rice; Grain 
5.0 6.77 0 1.16 L\9 

LA$25 Clearfield 161 Straw 1.09 0.94 

Newport, AR 2007 
4 Rice; Wells 

Grain 
5.0 6.76 0 

0.818 3 0.694 3 

AR$26 Straw 1.90 1.86 

Biggs, CA 2007 
10 Rice; M·205 

Grain 
5.0 6.76 0 

0.802 3 1.08 
CA$27 Straw 2.59 2.61 
The rate JS expressed both m terms of the concentratiOn m the Jrngat!On \\ater (ppm) and the rota! amount (lb ae-A) apphcd. 

2 Expressed in acid equivalents. The LOQ is 0.05 ppm. 
3 Average of two injections. 
4 The two results for each field trial represent two samples taken from a single plot, not two plots. 

TABLE C.4. Summary of Residue Data from Rice Field Trials with Endothaii Monoamine Salt (SC/L) .. 

Total Applic. PHI 
Commodity (days) Rato 0 Min. Mru<. 

Rice grain 5 ppm 0-1 4 0.756 \.18 

Rice Straw (6.75-6.77) 0-1 4 1.02 2.6 
The value 1n parentheses JS the total apphcal!on rate m terms oflb ae!A. 
Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm. 

3 HAFT= Highest Average Field Trial. 

D. CONCLUSION 

Residue Levels (ppm) 2 

Median MoM HAFT 3 Std. Dev. (STMdR) (STMR) 

1.18 1.05 1.05 0.200 

2.6 1.90 1.90 0.66 

The available field trial data are adequate and support the use of endothall~treated water for 
irrigation of rice. The data support the use of endothaii in irrigation water at a concentration of 5 
ppm (ae), with no more that six applications per season and a minimum 7-day interval between 
applications to the water. Residues were determined on the rice at a 0-day PHI. 

E. REFERENCES 

None 

F. DOCUMENT TRACKING 

RDI: David Soderberg (5 June 2009); William Donovan (5 June 2009) 
Petition Number: 8E7419 
DP#: 356315 
PC Codes: 038901 and 038905 

Template Version June 2005 
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Primary Evaluator 

Approved by 

---cc~'%-:-<::;~A.c4~~~~~~=c--- Date: 5 June 2009 
David Soderberg, Chemist, RA , HED 

--d-:lV~:J.~j,t!,..,:_=::-=J;IJ'c· L-~JJ,J<~~~;:=~~.: 5 June 2009 
William Donovan, Senior Scientist, RABV, 
HED 

This DER was originally prepared under contract by Dynamac Corporation ( 1910 Sedwick Road, 
Building 100, Suite B, Durham, NC 27713; submitted 3/30/2009). The DER has been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

47520718. Arsenovic, M. (2008) Endotha!l (Hydrotholl91): Magnitude of the Residue on Rice: 
Lab Project Number; 29761. Unpublished study prepared by Interregional Research Project No. 
4. 323 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No.4 (IR~4) submitted a rice grain processing study reflecting the 
exposure of rice to endothall through the use of treated irrigation water. In a field trial conducted 
in TX (Zone 6) during 2007, a 2.0 lb ae/gal soluble concentrate (SC/L) formulation of endothall 
(monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae. [In order to 
avoid the complications of different molecular weights for different salts, endothall 
concentrations are expressed as the free acid equivalents (ae).] The treated water was then 
applied using overhead sprinklers to rice as six broadcast foliar applications during grain 
development and maturation atretreatment intervals (RTis) of6~7 days. A volume equivalent to 
I acre inch of water (-27,154 gal/A) was applied for each application. Based on the 
concentration of the endothall in the irrigation water and the amount of water applied, the 
application rate for endothall was equivalent to 1.13 lb ae/A/application, for a total of 6.75 lb 
ae/A/season. 

Single bulk control and treated samples of rice grain were harvested at normal crop maturity, one 
day after the last irrigation ( 1 day after treatment, DAT). The grain was processed into hulls, 
bran and polished rice using simulated commercial procedures. The grain and processed fraction 
samples were stored at ::;-I 0°C for up to 48 days prior to analysis. The sample storage intervals 
and conditions are supported by the available storage stability data. 

Residues of endothall (free acid) in/on rice grain, bran and hulls were determined using an 
adequate LC/MS/MS method (Method No. KP-242Rl). For this method, residues were 
extracted with water and then derivatized with heptafluoro~p~tolylhydrazine (HFTH) in 50% 
H3P04. The derivatized residues were cleaned up by partitioning into methyl t-butyl ether 
(MTBE) and elution through an amine solid phase extraction (SPE) cartridge. Residues were 
then analyzed by LC/MS/MS using external standards for quantitation. Residues are expressed 
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in endothall acid equivalents. The validated limit of quantitation (LOQ) for endothall inion rice 
commodities is 0.05 ppm. 

Following six sprinkler applications of endothall (monoalkylamine salt) to rice at rates totaling 
6. 75 lb ae/ A, residues in whole grain (RAC) were 0.872 ppm at 1 DA T, and the residues in the 
processed fractions were 0.6 ppm for polished rice, 3.44 ppm for hulls and 2.03 ppm for bran. 
The resulting processing factors were 0.07x for polished rice, 3.9x for hulls and 2.3x for bran. 
The theoretical processing factors for rice are 5x for hulls and 7.7x for bran. 

STUDY fW AIVER ACCEPTABILITYIDEFICIENCIES/CLARIFICA TIONS: 

Under the conditions and parameters used in the study, the rice processing study data are 
scientifically acceptable. The acceptability of this study for regulatory purposes is addressed in 
the forthcoming U.S. EPA Residue Chemistry Summary Document, DP# 356315. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUND INFORMATION 

Endothall [7-oxabicyclo[2,2, 1 J heptane-2,3-dicarboxylic acid] is a selective contact herbicide, 
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class. 
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. , including irrigation canals. They are also registered for 
desiccation! defoliation of alfalfa/clover (grown for seed only), cotton, and potatoes prior to 
harvest, and for reduction of sucker branch growth in hops. Permanent tolerances are established 
for the combined residues of endothall and its monomethyl ester at 0.1 ppm inion cotton seeds, 
fish, dried hops and potatoes, and at 0.05 ppm inion rice grain and straw (40 CFR 
§ 180.293(a)(l)]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419), 
IR-4 has submitted a processing study for rice reflecting irrigation of the rice crop with 
endothall-treated water. The chemical structure and nomenclature of endothall and its 
monoalkylamine salt are listed in Table A. I. The physicochemical properties of technical grade 
endothall and its monoalkylamine salt are listed in Table A.2. 
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Table A. I. Nomenclature of Endothall and its Monoalkvlamine Salt 
Chemical Structure 0 

c OH 

OH 

0 
Common name Endotha!l 
Molecular Formula CsH100s 
Molecular Weight 186.16 
1UPAC name 7-oxabic clo 2.2.1 he tane-2,3-dicarbox lie acid 
CAS name 7-oxabi clo 2.2.1 he tane-2,3-dicarbox Jicacid 
CAS# 145-73-3 
PC Code 038901 
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed 
Registration 
Chemical Structure 0 

( 
- H,C 

0 \ ' 
OH 1

N- CH2(n)CH
3 

H,C 

0 (n~?-17) 

Common name Endotha!l, mono-N,N-dimethylalkyl amine salt 
Molecular Formula Not available 
Molecular Weight Average: 422 
1UPAC name 7-oxabi c!o 2.2.1 he tane-2,3-dicarbox lie acid, com ound with N,N-dimeth lcocoamine 
CAS name Not available 
CAS# 66330-88-9 
PC Code 038905 
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed, aquatic uses 
Registration 
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Table A.2. Physicochemical Properties ofEndothatt and Its Monoatkytamine Salt. 
Parameter I Value Reference 

EndothatJ acid) 
Melting point 108-l!O't D187593, Dl87590, and Dl87588, 

5/5/93, K. Dockter 
pH 2.7 at 25 't (I% solution) Dl87593, D187590, and Dl87588, 

5!5193, K. Dockter 
Density, bulk density, or specific 0.48 t glcm3 (bulk) at 25t DI87593, Dl87590, and Dl87588, 

I ,gravity 515/93, K. Dockter 
Water solubility at 25't 109.8 giL DI66798, 7/2/92, K. Dockter 

13.1 g!IOO mL in water, pH 5 D207011, 9/30/94, F. Toghrot 
12.~ ~~00 mL in water, pH 7 
12.5 tOO mL in water, PH 9 

Solvent solubility at 25't 3.4 g/100 mL in acetonitrile D207011, 9/30/94, F. Toghrot 
2.4 g/100 mL in n-octano/ 
t6.0 p-JIOO mL in tetrahvdrofuran 

Vapor pressure 3.92 x 10'5 mm Ha at 24.3't Dl66798, 7/2/92, K. Dockter 
Dissociation constant, pK, 4.32 for Step I and 6.22 for Step 2 at 20't (0.2% Dl88708, 5/3/93, K. Dockter 

solution in 20% basic ethanol); dissociation rate 
1.8-2.3 x 101 !J.mho within 3-5 minutes at 025't, 
by conductivity meter 

Octanol/water art ilion coefficient Nota ticable to endothall acid Dl66798, 7/2/92, K. Dockter 
UV /visible absor tion s ectrum Not available 

Endothalt mono-N N-dimethylalkyl amine salt 
Boiling point Not available 
pH 5.2 at 25't (1% solution) Dl87593, Dl87590, and Dl87588, 

515193, K. Dockter 
Density, bulk density, or specific 1.028 g/mL at 25't 0187593, Dl87590, and Dl87588, 

ravitY 5/5/93, K. Dockter 
Water solubility at 25't ?;49.2 g!IOOmL in water, pH 5 . D210814, 8/9/95, S. Knizner 

:;:5 t .6 g/100 mL in water, pH 7 
>49.8 jilt 00 mL in water, pH 9 

Solvent solubility at 25't ~102.5 g/100mL in acetonitrile 0210814,8/9/95, S. Knizner 
:;:95.4 g/100 mL in n-octanol 
>I 04.3~ g/100 mL in tetrahvdrofuran 

Vapor pressure 2.09 x 10"5 m~~g at 25't (calculated; mixed 0206344, 9/22/94, F. Toghrot 
mono- and dial !amine (C8-C20)) 

Dissociation constant, pK, 4.24 for Step I and 6.07 for Step 2 at 20't for Dl98885, 4nl94, F. Toghrol 
mixed mono- and diatkylamine (C8-C20) in 
acidified ethanol/water; dissociation complete 
017 minutes (1.7 x 103 !lmh~)-~t 25't: 

Octanol/water partition coefficient Kow 2.097 at concentrations of8.9 x to· M and 0209995, 1/20/95, L. Edwards 
8.9xl0-4M,at25't 

UV/visible absorption spectrum Not available 

B. EXPERIMENTAL DESIGN 

B.l. Application and' Crop Information 

In a field trial conducted in TX (Zone 6) during 2007, rice was irrigated with endothall-treated 
water using overhead sprinklers (Table B.l.l ). The irrigation water was treated with endothall 
(2.0 lb ae!gal SC/L monoalkylamine salt) at a concentration of -5 ppm, acid equivalent. The rice 
field was irrigated six times during grain development and maturation at RTis of 6-7 days. A 
volume equivalent to ~ l acre inch of water (27, 154 gal/A) was applied for each irrigation. Based 
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on the concentration of the endothall and the amount of water applied, application rate for 
endothall was equivalent to l.l3lb ae/Napplication, for a total of6.75lb ae/Nseason. 

TABLE B.l.l. Study Use Pattern. 

Location 
End-Use 

Application Infonnation 
(City, State; Year) 

Product Method; Timing Concen. 1 Volume Single Rate RTJ' Total Rate 
Trial ID (gal/A) z (lb ae/A) 3 (days) (lb ae/A) 3 

East Bernard, TX Six broadcast foliar 
2007 2.0 lb ae/gal application from heading 

4.98-5.00 
27,046-

1.13 6-7 6.75 
TJ($24 SC/L through grain maturation 27,089 

using overhead sprinklers. 
The concentral!OO of endothall {m ac1d equivalents) m the 1mgat10n water. No adjuvants were mcluded m the 1rn~t1on water. 

2 The target irrigation mte was I acre inch of water or 27, 154 gal/A. 
The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae), the application 
volume and plot size. 

4 R n = Retreatment Interval. 

B.2. Sample Handling and Processing Procedures 

Single control and treated bulk samples (2:147lb/sample) of rice grain were harvested at 1 DAT, 
and were shipped by ACDS Freezer truck to the processing facility, GLP Technologies, 
Navasota, TX. Samples were placed in frozen storage :;Sl oaF prior to processing, which was 
completed within 21-25 days of harvest. Samples were processed using simulated commercial 
procedures into polished rice, hulls and bran (Figure B.l). 

Rice grain samples were dried to a moisture content of 11-14%, and impurities were separated 
with a cleaner. The cleaned rice was hulled and debranned with a rice mill which removed the 
hull material and abraded away the bran to produce polished rice and bran. The bran was 
screened to remove hull material. Samples were transferred to frozen storage (:S-1 0°F) 
immediately after processing and were shipped frozen by overnight courier on dry ice 3 days 
after processing to ALS Laboratory Group (Edmonton, AB). At ALS, processed samples were 
stored frozen (::S-1 OEC) prior to analysis. 
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FIGURE B.l. Processing Flowcha•'1 for Rice Grain. 

FORM H.210 Revision 00 

RICE PROCESSING MATERIAl. BALANCE 

Sample# 2 (Treated, Trl 02) Code# _,)__ 

RICE 149.Libs. 
I 

Drying 129,8 _lbs. 

I 
STing 

Aspiration 

I 

_j)J!Jbs LARGE SCREENINGS 
.it.ll.Jbs. SMALL SCREENINGS 

.lil_lbs. LIGHT IMPURITIES 
109.5_1bs CLEANED RICE 

Dehu~lli~ng~~1~0~9=.6=1b:::S::_-_:u:::se::d::____ ____ ·--····-···-.. -·
1 

I 
BROWN RICE~Ibs. HULL.2U__Ibs I . 

Debranning 

1-----L-...---,-------------

BRAN.ll.Jl_lbs UN HULLED SEED.1.1.d.lbs 
WHITE MILLED RICE 64.1_1bs 

B.3. Analytical Methodology 

Residues of endothall (free acid) inion rice grain and straw were determined using a LC/MS/MS 
method (Method No. KP-242Rl) entitled "Analytical Method for Determination ofEndothall in 
Crops", issued 5/4/2007. 

For this method, residues were extracted three times by homogenization with water followed by 
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3P04 at J 00-
1200C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE, 
evaporated to dryness, and reconstituted in hexane:MTBE ( l: 1 v:v). Residues were then cleaned 
using an amine SPE cartridge eluted with methanol. Residues were analyzed by LC/MS/MS 
using external standards. The rnlz 397---J.l66 ion transition was used for quantifying residues. 
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Residues are expressed in endothall acid equivalents. The validated LOQ for endothall inion 
grain and straw is 0.05 ppm. An LOD of0.000025 ppm was reported; however, this value was 
the instrument LOD, rather than the LOD of residues in a control matrix. 

The above method was validated prior to and in conjunction with the analysis of the field trial 
samples. Control samples of grain and straw were fortified with endothall at 0.05-5.0 ppm for 
both method validation and concurrent recoveries. 

C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for determining residues of endothall inion rice commodities was 
adequately validated prior to and in conjunction with the analysis of field trial samples. The 
average method validation recoveries (±SD) were 80 ± 8% for rice grain and 95 ± 12% for rice 
straw (Table C.l). Concurrent recoveries averaged 78% for grain and 75% for straw. Although 
no method recovery data were provided on polished rice, bran or hulls, the grain and straw 
recovery data are representative of hulls and bran. Apparent residues of endothall were <LOQ 
inion control samples. Adequate sample calculations and example chromatograms were 
provided, and the fortification levels used for the method recoveries were similar in magnitude to 
the measured residue levels. 

Samples of rice grain and grain processed fractions were stored at .:S:-1 OOC for up to 48 days prior 
to analysis (Table C.2). Adequate storage stability data are available indicating that endothall is 
stable under frozen storage conditions for up to 306-469 days in lettuce, tomatoes, sugar beet 
roots, corn grain, and soybean seed and oil. As these data indicate that endothall is stable on 
diverse plant matrices during frozen storage, these data will support the storage durations and 
conditions for the current rice processing study. 

Following six overhead sprinkler applications of endothall (monoalkylamine salt) to rice at rates 
totaling 6.75 lb ae/A, residues in whole grain (RAC) were 0.872 ppm at 1 DAT, and the residues 
in the resulting processed fractions were 0.6 ppm in polished rice, 3.44 ppm in hulls and 2.03 
ppm in bran (Table C.3). The resulting processing factors were 0.07x for polished rice, 3.9x for 
hulls and 2.3x for bran. The theoretical processing factors for rice are 5x for hulls and 7 .7x for 
bran. 

TABLE C.!. Summary of Method Validation and Concurrent Recoveries of Endotball from Rice. 

Matrix Spike Level Sample Size Recoveries Mean± Std. Dev. 
(ppm) (o) (%) (%) 

Method Validation 

0.05 3 93, 88, 88 90± 3 

Grain 
0.5 3 76, 77, 75 76 ±I 

5.0 3 74, 75, 71 73 ±2 

Total 9 71-93 80± 8 

0.05 3 81, 74, 83 79 ±5 

0.5 3 97, 103, 109 103 ± 6 
Slraw 

96, 102, 106 5.0 3 101 ±5 

Total 9 74-109 95± 12 
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TABLE C.l. Summary of Method Validation and Concurrent Recoveries ofEndothall from Rice. 

Matrix Spike Level Sample Size Recoveries Mean± Std. Dev. 
(ppm) (") (%) (%) 

Concurrent Recoveries 

Grain 
0.05 I 85 

78 
0.50 I 70 

Straw 
0.05 I 70 

75 
5.0 I 80 

Standard devJatwns are calculated for data sets havmg ?:3 values. 

TABLE C.2. Summary of Storage Conditions. 

Matrix Storage Temperature Actual Storage Duration 
Interval of Demonstrated 

(OC) (days)1 Storage Stability 
(daysi 

Unprocessed rice 43 

Polished rice 
:S-10 

39 
466-469 

Hu!l 39 

"'@ 48 
Interval from harvest to extractJOn for analYSIS. Extracts were stored 2 II days pnor to analysJs. -

2 Based on storage stability study with tomato, lettuce, corn grain, sugar beet roots, soybean oil and soybeans currently under 
review (MRID 4 7520719). 

TABLEC.3. Residue Data from Rice Processing Study with Endotball Monoalkylamine Salt (SC/L). 

RAC Processed Commodity Total Rate 1 PHI Residues Processing Factor 

ppm lb ae!A (days) (ppm) z 

Rice Whole grain (RAC) 0.872 --
Polished rice 

5.0 6.75 I 0.06 0.07x 

Hulls 3.44 3.9x 

"'~ 2.03 2.3x 
The rate IS expressed both m tenns ofthe concentratiOn m the 1mgat10n water (ppm) and the total amount (lb ae/A) apphed. 

z Expressed in acid equivalents. The LOQ is 0.05 ppm. 

D. CONCLUSION 

The rice processing study is adequate. Endothall residues were reduced in polished grain 
(0.07x), but concentrated in hulls (3.9x) and bran (2.3x). 

E. REFERENCES 

None 
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HED 

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road, 
Building 100, Suite B, Durham, NC 277I3; submitted 3/30/2009). The DER has been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

47520705. Arsenovic, M. (2008) Endothall (Hydrotholl91): Magnitude of the Residue on 
Vegetable, Legume Group: Lab Project Number: Z9765. Z9765.07-ALS05 Unpublished study 
prepared by Interregional Research Project No.4. 440 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No.4 (IR-4) submitted field trial data reflecting the exposure of 
representative legume vegetables to endothall through the use of treated irrigation water. A total 
of I 0 tests were conducted in Zones I, 4, 5, 10 and 12 during 2006~2007, including 2 tests on 
succulent podded beans, 2 tests on dry beans, 2 tests on succulent podded peas, and 4 tests on 
soybeans. In each test, a 2.0 lb ae/gal soluble concentrate (SC/L) formulation of endothall 
(monoalkylamine salt) was used to treat the irrigation water at a rate of5 ppm ae. [In order to 
avoid the complications of different molecular weights for different salts, endothall 
concentrations are expressed as the free acid equivalents (ae).] The treated water was applied 
during flowering through pod and seed development as broadcast foliar applications using 
overhead sprinklers, at retreatment intervals (RTis) of 6~9 days. A volume equivalent to-I acre 
inch of water (27 ,154 gal/A) was applied for each application. A total of six applications were 
made in each test, except in one of the succulent bean tests, which used eight applications. 
Based on the concentration of the endothall and the amount of water applied, the application 
rates for endothall were equivalent to 1.12-1.13 lb ae/A/application, for a total of 6.74-6.77 lb 
ae/A for the six applications or 9.02lb ail A for the eight applications. 

Single control and duplicate treated samples of legume pods with seeds were harvested from the 
succulent bean and pea field trials and samples of dried seeds were harvested from the dry bean 
and soybean field trials. Samples were harvested on the day of the final application or one day 
later (0~1 DAT), and were stored at :S~lOoC for up to 431 days prior to analysis. Adequate 
storage stability data are available to support the duration and conditions of sample storage. 

Residues of endothall (free acid) inion legume vegetables were determined using an adequate 
LC/MS/MS method (Method No. KP~242Rl). For this method, residues were extracted with 
water and then derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H3P04. The 
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derivatized residues were cleaned up by partitioning into methyl t-butyl ether (MTBE) and 
elution through an amine solid phase extraction (SPE) cartridge. Residues were then analyzed 
by LC/MS/MS using external standards for quantitation. Residues are expressed in endothall 
acid equivalents. The validated limit of quantitation (LOQ) for endothall inion legume 
vegetables is 0.05 ppm, and the estimated limit of detection (LOD) was 0.0001 ppm. 

Following repeated overhead sprinkler applications (6 or 8) with irrigation water containing 
endothall at 5 ppm ae (6.74-9.02lb ae/A/season), endothall residues were 0.291-0.521 ppm ae 
inion four samples of succulent podded beans, 0.522-1.00 ppm ae in/on four samples of 
succulent podded peas, 0.070-0.134 ppm ae inion four samples of dried beans, and <0.05-0.072 
ppm ae in/on 8 samples of soybeans harvested at 0-1 DAT. Average endothall residues were 
0.388 ppm for succulent podded beans, 0.734 ppm for succulent podded peas, 0.109 ppm for dry 
beans, and 0.055 ppm for soybeans. The highest average field trial (HAFT) residues were 0.468 
ppm for succulent podded beans, 0.939 ppm for succulent podded peas, 0.116 ppm for dry beans, 
and 0.070 ppm for soybeans. No residue decline data was provided. 

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS: 

Under the conditions and parameters used in the study, the legume field trial residue data are 
scientifically acceptable. Although limited field trials were performed, these applications are 
expected to be conservative relative to actual inadvertent applications. The acceptability of this 
study for regulatory purposes is addressed in the forthcoming U.S. EPA Residue Chemistry 
Summary Document, DP# 356315. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUND INFORMATION 

Endothall [7-oxabicyclo[2,2,1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide, 
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class. 
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding 
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed 
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops. 
Permanent tolerances are established for the combined residues of endothall and its mono methyl 
ester at 0.1 ppm inion cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm inion rice 
grain and straw [40 CFR §180.293(a)(l)]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419), 
IR-4 has submitted field trial data reflecting irrigation of various legume vegetables with 
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endothall-treated water. The chemical structure and nomenclature ofendothall and its 
monoalkylamine salt are listed in Table A.l. The physicochemical properties of technical grade 
endothall and its monoalkylamine salt are listed in Table A.2. 

Table A. I. Nomenclature of Endothall and its Monoalkylamine Salt. 
Chemica! Structure 0 

c OH 

OH 

0 
Common name Endothal! 
Molecular Formula CsHwOs 
Molecular Weight 186.16 
lUPAC name 7-oxabic clo 2.2.1 he tane-2,3-dicarboxylic acid 
CAS name 7-oxabic clo 2.2.1 he tanc-2,3-dicarbox lie acid 
CAS# 145-73-3 
PC Code 038901 
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed 
Registration 
Chemica! Structure 0 

( 
- H,c 

0 \ . 
OH 1

N-CH2(n)CH3 

H,C 

0 (no7-l7) 

Common name Endothali, mono-N,N-dimeth lalkyl amine salt 
Molecular Formula Not available 
Molecular Weight Average: 422 
IUPAC name 7-oxabic clo 2.2.1 he tane-2,3-dicarbox lie acid, com ound with N,N-dimeth lcocoamine 
CAS name Not available 
CAS# 66330-88-9 
PC Code 038905 
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed, aquatic uses 
Registration 
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B. EXPERIMENTAL DESIGN 

B.l. Study Site Information 

A total of 10 tests were conducted on representative legume vegetable crops in Zones 1, 4, 5, 10 
and 12 during 2006-2007; including 2 tests on succulent podded beans, 2 tests on dry beans, 2 
tests on succulent podded peas, and 4 tests on soybeans (Table B.1.1 ). The irrigation water used 
in each test was treated with endothall (2.0 lb ae/gal SC/L monoalkylamine salt) at a 
concentration of ~s ppm, acid equivalent. The treated water was applied during flowering 
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through pod and seed development as broadcast foliar applications using overhead sprinklers, at 
RTls of6-9 days. A volume equivalent to -I acre inch of water {-27,154 gal/A) was applied for 
each application. A total of six applications were made, except in one of the succulent bean tests 
{CA$26). Due to slow growth of the beans, a total of eight applications were made in the CA$26 
test. Based on the concentration of the endothall and the amount of water applied, application 
rates for endothall were equivalent to 1.12-1.13 lb ae/ Afapplication, for a total of 6. 74-6.77 lb 
ae/A/season or 9.02 lb ae/A for the one site using having eight applications (Table B.1.3). These 
applications are expected to be conservative relative to actual applications. 

TABLE B.l.l. Trial Site Conditions. 

TriaJ ldentificaiion {City, State; Year) 
Soil characterislics 1 

Type I 'YnOM I pH J CEC {meq/1 00 g) 

Succulent podded beans 

Arroyo Grande, CA 2007 
Sandy Loam 1.2 6.6 86 CA$26 

Baptistown, NJ 2006 
Loam 2.3 6.7 9.1 NJ$24 

Dried beans 

Delavan, WI 2007 
Sill Loam 2-4 5.6-7.8 6 Wl$13 

Richland, lA 2007 
Silty Clay Loam 3.54 7.01 26.36 

lA$14 

Succulent podded peas 

Ephrata, WA 2007 
Loamy Sand 0.8 7.7 11.7 WA$17 

Delavan, Wl 2007 
Sili Loam 2-4 5.6-7.8 6 Wl$12 

Soy beaus 

Baptistown, NJ 2006 Loam 2.3 6.7 9.1 NJ$25 

Newport, AR 2007 Sandy Loam 1.1 6.3 5.6 
AR$16 

Richland, IA 2007 
Silty Clay Loam 3.58 7.7 19.83 IA$15 

Sparta, IL 2007 
Silt Loam 2.7 7.5 12.5 lL$11 

1These parameters are opnonal except m cases where the1r value affects the use pattern for the chem1cal. 
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TABLE B.l.2. Water Characterization, 

Study site Water characteristics 

Type Hardness/Salinity pH 

Arroyo Grande, CA 2007 Well NR NR 
CA$26 
Baptistown, NJ 2006 Well NR NR 
NJ$24 
Delavan, WI 2007 

Rural water NR NR WI$13 
Richland, lA 2007 

Well NR NR 
IA$14 

Ephrata, WA 2007 Well NR NR WA$17 

Delavan, WI 2007 Well NR NR 
WI$12 

Baptistown, NJ 2006 Well NR NR 
NJ$25 
Newport, AR 2007 City water NR NR 
AR$16 
Richland, IA 2007 Rural Water NR NR 
lA$15 

Sparta, IL 2007 City Water NR NR 
IL$11 

NR not reported. 

Turbidity Dissolved OM 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

The actual temperature recordings and rainfall were typical for each site and no unusual weather 
conditions were reported. No additional irrigation was reported during the study period. The 
tests were conducted according to normal agricultural practices for the regions, and information 
was provided on maintenance pesticides and fertilizers used at each site. No information was 
provided on the characteristics of the water used for irrigation, other than the source (Table 
B.l.2). 
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TABLEB.L3. Study Use Pattern, 

Location End-Use 
Application Information 

(City, State; Year) Product Method; Timing Concen. 1 Volume Single Rate RTJ4 Total Rate 
Triai!D (gal! A) (lb ae/A) 1 (days) (lb ae!A) 3 

Succulent Beans w/ pods 

Arroyo Grande, CA Eight broadcast foliar 
2007 2.0 lb/gal application from flowering 

5.00 27,149 1.13 7-9 9.02 CA$26 sc through fruit maturation using 
overhead sprinklers. 

Baptistown, NJ 2006 Six broadcast foliar 
NJ$24 2.0 lb/gal application from flowering 

5.0 27,154 1.13 6-7 6.75 sc through fruit maturation using 
overhead sprinklers. 

Dried Beans 

Delavan, WI 2007 Six broadcast foliar 
WI$13 2.0 lb/gal application from flowering 

4.98 27,154 1.13 6-8 6.77 sc through fruit maturation using 
overhead sprinklers. 

Richland, IA 2007 Six broadcast foliar 
IA$14 2.0 lb/gal application from flowering 5.00 27,154 1.13 6-8 6.77 sc through fruit maturation using 

overhead sprinklers. 

Succulent Peas w/ pods 

Ephrata, WA 2007 Six broadcast foliar 
WA$17 2.0 lb/gal application from flowering 

4.97 27,140 1.12 6-8 6.74 sc through fruit maturation using 
overhead sprinklers. 

Delavan, WI 2007 Six broadcast foliar 
WI$12 2.0 lb/gal application from flowering 

5.00 
27,012· 

1.12-1.13 7 6.74 sc through fruit maturation using 27,268 
overhead sprinklers. 

Dried Peas, Soybean 

Baptistown, NJ 2006 Six broadcast foliar 
NJ$25 2.0 lb/gal application from flowering 

4.96-5.00 27,154 1.13 7 6.75 sc through fruit maturation using 
overhead sprinklers. 

Newport, AR 2007 Six broadcast foliar 
AR$16 2.0 lb/gal application from flowering 

5.00 
27,142-

1.13 6-8 6.76 sc through fruit maturation using 27,159 
overhead sprinklers. 

Richland, IA 2007 Six broadcast foliar 
IA$15 2.0 lbjgal application from flowering 

5.00 27,154 1.13 6-8 6.77 sc through fruit maturation using 
overhead sprinklers. 

Sparta, JL 2007 Six broadcast foliar 
JL$11 2.0 lb/gal application from flowering 

5.00 27,012 1.13 6-8 6.77 sc through fruit maluration using 
overhead sprinklers. 

fhe concentratton of endothall (m acid eqUivalents) m the trngatJOn water. No adju\ants were mcluded m the Jrrtgatton water. 
z The target irrigation rate was I acre inch of water or 27,154 gal! A. 
3 The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae), the application 

volume and plot size. 
4 RTI = Retreatment Interval. 
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TABLE 8.1.4. Trial Numbers and Geographical Locations. 

NAFTA succulent podded beans Dried beans Succulent podded Peas Soybeans 
Growing Submitted Requested 1 Submitted Requested 1 Submiued Requested 1 Submitted Requested1 

Zones4 

Canada U.S. Canada u.s. Canada u.s. Canada 

I I -- -- -- -- -- -- -- I I --
2 -- -- 3 -- -- -- -- -- -- -- --
3 -- -- -- -- -- -- -- -- I -- --
4 -- -- -- -- -- -- -- -- -- I --
5 -- -- I 2 -- 4 I -- 3 2 --
6 -- -- -- -- -- -- -- -- -- -- --
7 -- -- -- -- -- I -- -- -- -- --
g -- -- -- -- -- I -- -- -- -- --
9 -- -- -- -- -- I -- -- -- -- --
10 I -- I -- -- I -- -- -- -- --
II -- -- I -- -- I -- -- I -- --
12 -- -- -- -- -- -- I -- I -- --
13 -- -- -- -- -- -- -- -- -- -- --
Total 2 -- ,, 

2 -- 9 2 -- 6' 4 --
Based on EPA OPPTS GUidelme 860.1500. 

2 Twelve total field trials are required, six each for an edible podded bean and a succulent shelled bean 
2 Nine total field trials arc required, three for an edible podded pea and six for a succulent shelled pea. 
4 Zones !A, 5 A and B, ?A and 14-21 were not included as the proposed use is for the U.S. only. 

B.2. Sample Handling and Preparation 

Samples were harvested at 0 DAT (after the sixth or eighth application) except at one site 
(NJ$25) where harvest was delayed by one day (I OAT) to allow the soybean plants to dry to 
facilitate threshing. Duplicate control and treated samples P-2.0 lb/sample) were harvested from 
each site and placed in frozen storage at each test facility within 3 hours. Samples were stored 
frozen at the field sites for 6-46 days. Samples were then shipped by ACDS Freezer truck or 
overnight courier on dry ice to the analytical laboratory, ALS Laboratory Group (Edmonton, AB, 
Canada), and stored frozen (:$-1 0°C) prior to analysis. 

B.3. Analytical Methodology 

Residues of endothall (free acid) inion succulent and dried legume vegetables were detennined 
using a LC/MS/MS method (Method No. KP-242Rl) entitled "Analytical Method for 
Determination ofEndothall in Crops", issued 5/4/2007. 

For this method, residues were extracted two times by homogenization with water followed by 
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3P04 at 100-
l200C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE, 
evaporated to dryness, and reconstituted in hexane:MTBE (1: I v:v). Residues were then cleaned 
using an amine SPE cartridge eluted with methanol. Residues were analyzed by LC/MS/MS 
using external standards. The m/z 397-) 166 ion transition was used for quantifying residues. 
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Residues are expressed in endothall acid equivalents. The validated LOQ for endothall inion 
legume vegetables is 0.05 ppm. The estimated LOD was 0.0001 ppm. 

The above method was validated prior to and in conjunction with the analysis of the field trial 
samples. Control samples of soybeans (dried seed) and lima beans (succulent podded beans) 
were fortified with endothall at 0.05-5.0 ppm for method validation and at 0.05 and 0.5 ppm for 
concurrent recoveries. 

C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for determining residues of endothall inion legwne vegetables was 
adequately validated prior to and in conjunction with the analysis of field trial samples. The 
average method validation recoveries (±SD) were 97 ± 16% for soybean seeds and I 02 ± 18% 
for succulent podded lima beans (Table C. I). Average concurrent recoveries (±SD) were 86 ± 
9% for soybeans and 96 ± 9% for succulent podded lima beans. Apparent residues of endothall 
were <LOQ inion control samples. Adequate sample calculations and example chromatograms 
were provided and the fortification levels used for method recoveries were similar in magnitude 
to the measured residue levels. 

Samples were stored frozen at :::S-1 oac for 39A31 days prior to analysis (Table C.2). Adequate 
storage stability data are available indicating that endothall is stable under frozen storage 
conditions for up to 306-469 days in lettuce, tomatoes, sugar beet roots, corn grain, and soybean 
seeds and oil. These data will support the storage durations and conditions for the current 
legume field trials. 

Following repeated overhead sprinkler applications (6 or 8) with irrigation water containing 
endothall at 5 ppm (6.75-9.02lb ae/Nseason), endotha!l residues were 0.291-0.521 ppm in/on 
four samples of succulent podded beans, 0.522-1.00 ppm inion four samples of succulent podded 
peas, 0.070-0.134 ppm in/on four samples of dried beans, and <0.05-0.072 ppm in/on 8 samples 
of soybeans harvested at 0-1 DA T (Table C.3). Average endothall residues were 0.388 ppm for 
succulent podded beans, 0. 734 ppm for succulent podded peas, 0.109 ppm for dry beans, and 
0.055 ppm for soybeans (Table C.4). The HAFT residues were 0.468 ppm for succulent podded 
beans, 0.939 ppm for succulent podded peas, 0.116 ppm for dry beans, and 0.070 ppm for 
soybeans. No residue decline data was provided. 

Common cultural practices were used to maintain plants, and the weather conditions and 
maintenance chemicals and fertilizer used in this study did not have a notable impact on the 
residue data. Chlorosis and necrosis of leaves from treated plants was reported in two field trials 
(lA and WA). 
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TABLE C.l. Summary of Method Validation and Concurrent Recoveries of Endothall from Legumes. 

Matrix Spike Level Sample Size Recovelies Mean± Std. Dev. 
(ppm) (o) (%) (%) 

Method Validation 

0.05 J 83, 76,71 76:1:6 

0.5 J 108,101,115 108±7 
Soybean seed 

5.0 J I 04, 104, I 13 107 ±5 (dried) 
Total 9 71-115 97 ± 16 

0.05 J 81, 78,79 79± I 
Lima Been 0.5 J Ill, 108, 120 113:1:6 
(Succulent with 
pod) 5.0 J 118, 104,119 114± 8 

Total 9 78-120 102 ±IS 

Concurrent Rl:!COVJ:!ries 

0.05 J 92, 99,91 94±4 

Soybean Sl:!ed 0.5 J 81, 75,78 78 :1: 3 
(dried) Total 6 75-99 86 ± 9 

Lima Been 0.05 2 98, 73 85 
(Succuleni with 0.5 2 84, 118 101 
pod) Total 4 73-118 93±9 
Standard devuHtons were calculated only for datasets havmg 2':3 values. 

TABLEC.2. Summary of Storage Conditions. 

Matrix Storage Temperature Actual Storage Duration Interval of Demonstrated 
("C) (days) 1 Storage Stability (days)z 

Lima beans 93-431 

Dried beans 
~10 

63-76 
315..-469 

Garden peas 113-127 

Soybean seed 39-385 
. Interval from harvest to extractton for analysts. Extracts were stored up to 15 days pnor to analySIS . 

2 Based on storage stability data from frozen tomatoes, lettuce, corn grain, sugar beet roots, and soybean seeds (47520719.der, 
under review). 

TABLEC.3. Residue Data from Crop Field Trials with Endothall Monoalkylamine Salt (SC/L). 

Trial!D Total Rate 1 
PHI 

(City, State; Year) Zone CropNariety Matrix 
(days) 

Residues (ppm) z. 3 

ppm lb ae/A 

Succulent Podded Beans 

Arroyo Grande, CA 2007 
lO 

Succulent Lima Succulent seed 
5.0 9.02 0 0.414 0.521 CA$26 /speckled w/pod 

Baptistown, NJ 2006 Succulent Lima! Succulent seed 
NJ$24 I Burpee's 

w/pod 5.0 6.75 0 0.291 0.324 
Improved Bush 

Dried Beans 

Delavan, WI 2007 
5 

Dry bean! 
Dried seed 5.0 6.77 0 0.134 0.070 WI$13 Pinto 

Richland, lA 2007 
5 

Dry bean! 
Dried seed 5.0 6.77 0 0.109 0.123 IA$14 Great Northern 

Succulent Podded Peas 
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TABLE C.3. Residue Data from Crop Field Trials with Endothall Monoalkylamine Salt (SC/L). 

Total Rate 1 
Trial ID PHI 
(City, State; Year) 

Zone CropNariety Matrix 
(days) 

Residues (ppm) 2•3 

ppm Jb ae/A 

Ephrata, WA 2007 12 Succulent peal Succulent seed 
5.0 6.74 0 0.878 1.00 WA$17 Tonic w/pod 

Delavan, WI 2007 
5 

Succulent peal Succulent seed 
5.0 6.74 0 0.537 0.522 

WI$12 Wan to W/pod 

Soybean 

Baptistown, NJ 2006 
I 

Soybean/ 
Dried seed 5.0 6.75 I 0.072 0.068 

NI$25 93244449 

Newport, AR 2007 
4 

Soybean/ 
Dried seed 5.0 6.76 0 (0.017) ND' AR$16 BPR 5423 nRR 

Richland, IA 2007 
5 

Soybean/ 
Dried seed 5.0 6.77 0 (0.020) (0.017) 

IA$I5 93M42 

Sparta, IL 2007 5 
Soybean/ 

Dried seed 5.0 6.77 0 (0.038) {0.026) 
IL$1 1 Asgrow AG 3905 

fhe rate IS expressed both m terms of the concentratiOn m the 1rngat10n water {ppm) and the total amount {Jb ae/A) applied. 
2 Expressed in endothall acid equivalents. The LOQ is 0.05 ppm and the estimated LOD is 0.000 I ppm. Values in parenthesis 

are <LOQ and 2!:LOD. 
3 The two results for each field trial represent two samples taken from a single plot, not two plots. 
4 None Detected at theLOD 

TABLE CA. Summary of Residue Data from Legume Vegetable Field Trials with Endothall Monoamine 
Salt (SCIL). 

Total Applic. PHI 
Residue Levels {ppm) 2 

Commodity 
Rate 1 {days) N Min. HAFT 3 Median Mean 

M~. 
(STMdR) (STMR) 

Succulent 5 ppm 
0 2 0.3075 0.4675 0.4675 0.3875 0.3875 

podded beans (6.75,9.02) 4 

Succulent 5 ppm 
0 2 0.5295 0.939 0.939 0.734 0.734 

podded peas (6.74) 

Dried Beans 
5 ppm 

0 2 0.102 0.116 0.116 0.109 0.109 (6.77) 

Soybean, dried 5 ppm 
0-1 4 <0.050 0.07 0.07 0.034 0.034 

seed (6.75-6.77) 

The value m parentheses IS Ihe total apphcatJOn rate m Ierrns of lb ae/A 
Residues are expressed in terms ofthe free acid. The LOQ is 0.05 ppm. For values :s;LOQ, the LOQ was used for all 
calcula.ti ons. 

3 HAFT"' Highest Average Field Trial. 

Std. Dev. 

0.113 

0.290 

0.010 

0.025 

One of the succulent podded bean field trials used 8 applications rather than 6 applications due to slow plant growth and 
maturation. 

D. CONCLUSION 

The available field trial data are adequate and support the use of endothall-treated water for 
irrigation of legume vegetables. The data support the use of endothall (monoalkylamine salt) in 
irrigation water at a concentration of 5 ppm (ae), with no more that six applications per season, 
and a minimum 7-day interval between applications to the water to vegetable crops. Crops were 
tested with a 0-day PHI. 
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\1>1!-1 DACO 6.4, 7.4, 7.8/0PPTS 860.1400/0ECD IliA 8.4.3 and IliA 8.3 
- Water, Fish, and Irrigated Crops -Irrigated Tomatoes 

Primary Evaluator 

Approved by 

This DER was originally prepared under contract by Dynamac Corporation (191 0 Sedwick Road, 
Building 100, Suite B, Durham, NC 27713; submitted 3/27/2009). The DER has been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

47520706. Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on 
Vegetable Fmiting Group: Lab Project Number: Z9766, Z9766.06-CA$28, Z9766.06-FL$27 
Unpublished study prepared by Interregional Research Project No. 4. 180 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No.4 (IR-4) submitted field trial data reflecting the exposure of 
tomatoes to endothall through the use of treated irrigation water. In two tomato field trials 
conducted during 2006 in Zones 3 and 10, a 2.0 lb ae/gal soluble concentrate (SC/L) formulation 
of endothall (monoalkylamine salt) was used to treat the inigation water at a rate of5 ppm ae. 
[In order to avoid the complications of different molecular weights for different salts, endothall 
concentrations are expressed as the free acid equivalents (ae).J The treated water was applied to 
tomatoes during flowering and fruit development as six broadcast foliar applications using 
overhead sprinklers, at retreatment intervals (RTis) of 6-8 days. A volume equivalent to~ 1 acre 
inch of water (27,154 gal/A) was applied for each application. Based on the concentration of the 
endothall and the amount of water applied, the application rates for endothall were equivalent to 
1.12-1.13 lb ae/ Napplication, for a total of 6.74-6.77 lb ae/A/season. 

Single control and duplicate treated samples of tomatoes were harvested from each test on the 
day of the final application (0 days after treatment, OAT), and samples were stored at .::;-11 °C for 
up to 106 days prior to analysis. Adequate storage stability data are available to support the 
duration and conditions of sample storage. 

Residues of endothall (free acid) in/on tomatoes were determined using an adequate LC/MS/MS 
method (Method No. KP-242R1). For this method, residues were extracted with water and then 
derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H3P04. The derivatized residues 
were cleaned up by partitioning into methyl t-butyl ether (MTBE) and elution through an amine 
solid phase extraction (SPE) cartridge. Residues were then analyzed by LC/MS/MS using 
external standards for quantitation. Residues are expressed in endothall acid equivalents. The 
validated limit of quantitation (LOQ) for endothall in/on tomatoes is 0.05 ppm. 
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Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm 
(6.74~6.77lb ae/A/season), endothall residues at 0 DAT were <0.05 ppm in/on 4 samples of 
tomatoes. 

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS: 

Under the conditions and parameters used in the study, the tomato field trial residue data are 
scientifically acceptable. Although only two field trials were performed, these applications are 
expected to be conservative relative to actual inadvertent applications. The acceptability ofthis 
study for regulatory purposes is addressed in the forthcoming U.S. EPA Residue Chemistry 
Summary Document, DP# 356315. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUNDINFORMATION 

Endothall [7~oxabicyclo[2,2,1J heptane-2,3~dicarboxylic acid] is a selective contact herbicide, 
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class. 
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies .. This includes irrigation canals, but only with a 7 day 
holding period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for 
seed only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in 
hops. Permanent tolerances are established for the combined residues of endothall and its 
monomethyl ester at 0.1 ppm inion cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm 
inion rice grain and straw [40 CFR §180.293(a)(l)]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419), 
IR-4 has submitted field trial data reflecting irrigation oftomatoes with endothall~treated water. 
The chemical structure and nomenclature of endothall and its mono alkylamine salt are listed in 
Table A.l. The physicochemical properties of technical grade endothall and its monoalkylamine 
salt are listed in Table A.2. 
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Table A.l. land Salb 

I 

~ ~ I '""-S "'me I 'ooeid 
S# 

~ d Site , potato, alfalfa grown 

' I 

H,C 
\ . 
p-CH,(n)CH, 

H,c 

(n ~ 7-17) 

'o~e I ' I 

-ffij!; ~~ :ws 422 
I ' 

io~e 

~ i # 

(;"'~"' , 
d Site '· alfalfa '""d, 

Table A.2. Physicochemical Properties of Endothall and Salts 
Parameter !Value Reference 

EndothaJI (acid) 
Melting point I 08-11 O"C Dl87593, D187590, and Dl87588, 

5/5/93, K. Dockter 
pH 2.7 at 25't (I% solution) Dl87593, D187590, and Dl87588, 

5!5!93, K. Dockter 
Density, bulk density, or specific 0.481 gfcml (bulk) at 25't Dt87593, D187590, and 0187588, 
I ),'JaVity 5!5193, K. Dockter 
Water solubility at 25't 109.8 giL DI66798, 7!2/92, K. Do~kter 

13.1 g/100 mL in water, pH 5 0207011, 9/30i94, F. Toghrol 
12.~ ~~00 mL in water, pH 7 
12.5 100 mL in water, ~H 9 

Solvent solubility at 25't 3.4 gil 00 mL in acetonitrile D2070!1, 9/30/94, F. Toghrol 
2.4 g/1 00 mL in n~octanol 
16.0~ 0100 mL in tetrahvdrofuran 

Vapor pressure 3.92x IO"smmH!!at24.3't D 166798, 7!2/92, K. Dockter 
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Table A.2. Physicochemical Properties of Endothali and Salts 

Parameter Value Reference 

Dissociation constant, pK. 4.32 for Step I and 6.22 for Step 2 at20't (0.2% D 188708, 513/93, K. Dockter 
solution in 20% basic ethanol); dissociation rate 
1.8-2.3 x 103 ).!mho within 3·5 minutes at 025"c, 
by conductivity meter 

Octanollwater partition coefficient Not applicable to endothaiJ acid 0166798, 7!2192, K. Dockter 
UV /visible absorption spectrum Not available 

Endothall, mono-N,N-dimethylalkyl amine salt 
Boil in oint Not available 
pH 5.2 at 25 't: ( 1% solution) 0187593, D 187590, and 0187588, 

5/5/93, K. Dockter 
Density, bulk density, or specific 1.028 glmL at 25't: D187593, DJ87590, and D187588, 

[gravity 5/5/93, K. Dockter 
Water solubility at 25't: ~49.2 gl100mL in water, pH 5 D210814, 8/9/95, S. Knizner 

~51.~ ~:oo mL in water, pH 7 
>49.8 100 mL in water, PH 9 

Solvent solubility at 25't ~102.5 g/lOOmL in acetonitrile D2l0814, 8/9/95, S. Knizner 
~95.4 g!IOO mL in n·octanol 
>104.f g/100 mL in tetrahydrofuran 

Vapor pressure 2.09 x 10-s mm Hg at 25't: (calculated; mixed 
mono- and dialkylamine (C8-C20}I 

0206344, 9/22!94, F. Toghrol 

Dissociation constant, pK. 4.24 for Step I and 6.07 for Step 2 a1 20't for 0198885, 4!7194, F. Toghrol 
mixed mono- and dialkylamine (C8-C20) in 
acidified ethanol/water; dissociation complete 
0 17 minutes (1.7 x 101 !-lmho) at 25't 

Octanollwater partition coefficient Kow 2.097 at concentrations of8.9 x 10· M and 0209995, 1120/95, L. Edwards 
8.9 x 10-4M, at25t: 

UV /visible absorption spectrum Not available 

B. EXPERIMENTAL DESIGN 

B. I. Study Site Information 

Two tomato field trials were conducted in Zones 3 and I 0 during 2006 (Table B.l.l ). The 
irrigation water used in each test was treated with endothall (2.0 lb ae/gal SC monoalkylamine 
salt) at a concentration of ~5 ppm, acid equivalent. The treated water was applied to the 
tomatoes during flowering and fruit development as six broadcast foliar applications using 
overhead sprinklers, RTis of 6-8 days. A volume equivalent to -I acre inch of water (~27,000 
gal/A) was applied for each application. Based on the concentration of the endothall and the 
amount of water applied, application rates for endothall were equivalent to 1.12-1.13 lb 
ae/ A/application, for a total of 6. 74-6.77 lb ael A/season (Table B.1.3). These applications are 
expected to be conservative relative to actual applications. 

TABLE B.l.I. Trial Site Conditions. 

Trial1dentification (City, State; Year) Soil characteristics 1 

Type %OM pH CEC (meq/IOOg) 

Grande Arroyo, CA 20006 Sandy Loam 1.9 5.7 l2.6 
CA$28 

Oviedo, FL 2006 Smd 0.7 6.3 3.1 
FL$27 
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1These parameters are optional except in cases where their value affects the use pattern for the chemical. 

TABLE B.l.2. Water Characterization. 
Study site Water characteristics 

Type Hardness/Sa!lnily pH Turbidity Dissolved OM 

Grande Arroyo, CA 20006 Well NR NR NR NR 
CA$28 

Oviedo, FL 2006 Artesian Well NR NR NR NR 
FL$27 

NR not reported. 

The actual temperature recordings and rainfall were typical for each site and no unusual weather 
conditions were reported. Additional irrigation was supplied as needed using underground seep 
irrigation. The tests were conducted according to nonnal agricultural practices for the regions, 
and information was provided on maintenance pesticides and fertilizers used at each site. No 
information was provided on the characteristics of the water used for irrigation, other than the 
source (Table R 1.2). 

TABLE B.l.3. Study Use Pattern. 

Location Application lnfonnation 
(City, State; End-Use 

Year) Product Method; Timing Concen. 1 Volume Single Rate RTI 4 Total Rate 

Tria! ID (gal/A) 2 (lb ae/A) 3 (days) (lb ae/A)' 

Grande Arroyo, Six broadcast foliar 
CA 20006 2.0 !h/ga! application during flowering 

5.0 27,042 !.12 6·8 6.74 
CA$28 sc and fruit development using 

overhead sprinklers. 

Oviedo, FL Six broadcast foliar 
2006 2.0 lb/ga! application during flowering 

5.0 27000 !.13 8 6.77 
FL$27 sc and fruit development using 

overhead sprinklers. 

The concentratton of en dol hall (tn actd equtvalents) m the 1mgat1on water. No adJuvants were mc!uded tn the 1mgatton water_ 
1 The target irrigation rate was I acre inch ofwaJer or 27,154 gallA. 

The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae), the application 
volume and plot size. 

4 RTl = ReJreatment Interval. 
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TABLE B.l.4. Trial Numbers and Geographical Locations. 

NAFTA Tomatoes 
Growing Submitted Requested1 

Zones 
Canada 

I -- ·-
2 -- --
3 I .. 
4 -· ·-
5 .. .. 

6 .. .. 

7 .. .. 

8 .. .. 

9 -· -· 
10 I ·-
II .. .. 
12 .. -· 
13 -- -· 
Total 2 --
Based on EPA OPPTS Gutdclme 860.1500. 

2 The number in brackets indicates a 25% reduction required to support a crop group tolerance. 
3 Zones !A, 5 A and B, 7A and 14-21 were not included as the proposed use is for the U.S. only. 

B.2. Sample Handling and Preparation 

u.s. 
I 

I 

2 

-· 
I 
.. 
.. 

.. 

.. 
11}7] 

.. 

.. 

--
!6f!d 

Duplicate control and treated samples (2:41b/sampfe, 12-24 fiuits) of tomatoes were harvested at 
0 DAT (after the sixth application) and placed in frozen storage at the test facility within I hour, 
15 minutes. Samples were stored frozen at the field sites for 14 days prior to shipment by ACDS 
Freezer truck to the analytical laboratory (Cerexagri, Inc., King of Prussia, PA), and stored at 
::;~ 11 °C until analysis. 

B.3. Analytical Methodology 

Residues of endothall (free acid) in/on tomatoes were determined using a LC/MS/MS method 
(Method No. KP-242Rl) entitled "Analytical Method for Determination ofEndothall in Crops", 
issued 5/4/2007. 

For this method, residues were extracted twice by homogenization with water followed by 
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3P04 at 100-
1200C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE, 
evaporated to dryness, and reconstituted in hexane:MTBE (I: 1 v:v). Residues were then cleaned 
using an amine SPE cartridge eluted with methanol:MTBE (I :4). Residues were analyzed by 
LC/MS/MS using external standards. The rnfz 397~166 ion transition was used for quantifying 
residues. Residues are expressed in endothall acid equivalents. The validated LOQ for endothall 
inion tomatoes is 0.05 ppm, and the LOD was estimated to be 0.002 ppm. 
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The above method was validated prior to and in conjunction with the analysis of the field trial 
samples. Control samples of tomatoes were fortified with endothall at 0.05-5.0 ppm for method 
validation, and control samples were fortified with endothall at 0.05-1.0 ppm for concurrent 
recoveries. 

C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for determining residues of endotball inion tomatoes was 
adequately validated prior to and in conjunction with the analysis of field trial samples. Method 
validation recoveries averaged 89% with a standard deviation of?%, and concurrent recoveries 
averaged 88% with a standard deviation of 15% (Table C.l ). Apparent residues of endothall 
were <LOQ inion control samples. Adequate sample calculations and example chromatograms 
were provided and the fortification levels used for method recoveries were similar in magnitude 
to the measured residue levels. 

Tomato samples were stored frozen at S:-11 °C for up to I 06 days prior to analysis (Table C.2). 
Adequate storage stability data are available indicating that endothall is stable in frozen tomatoes 
for up to 467 days (47520719.der, under review). These data will support the storage durations 
and conditions for the current field trials. 

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm 
(6.74-6.77 lb ae/A/season), endothal1 residues at 0 DAT were <0.05 ppm inion 4 tomato samples 
(Table CJ). The average and HAFT residues were <0.05 ppm inion tomatoes (Table C.4). 

No phytotoxicity was noted on the treated tomato crops. Common cultural practices were used 
to maintain plants, and the weather conditions and maintenance chemicals and fertilizer used in 
this study did not have a notable impact on the residue data. 

TABLE C.l. Summary of Method Validation and Concurrent Recoveries ofEndothall from Tomato. 
Matrix Spike Level Sample Size Recoveries Mean± Sid. Dev. 

(ppm) (n) (%) (%) 

Method Validation 

0.05 3 82, 79, 84 82±3 

0.5 3 100, 92, 97 96±4 
Fruit 5.0 3 86, 93, 92 90 ±4 

Total 9 79-100 89±7 

Concurrent Recoveries 

0.05 2 104, 77 91 

0.5 I 98 98 
Fruit 10 I 74 74 

Total 4 77-104 88± IS 
> Standard devmuons are calculated for data sets havtng _3 values. 
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TABLEC.2. Summary of Storage Conditions. 

Matrix Storage Temperature Actual Storage Duration 
("C) (days) 1 

Tomato RA.C (fruil} ~II 77*106 

' Interval from harvest to extractiOn for analysts. Extracts were stored up to I day pnor to analysts. 
z Endothal! is stable in frozen tomatoes for up to 467 days (47520719.der under review). 

Interval of Demonstrated 
Storage Stability (days/ 

467 

TABLEC.3. Residue Data from Tomato Field Trials with Endothall Monoalkylamine Salt (SC/L). 

Tria! ID Zone CropNariety Matrix 
Total Rate 1 PHI 

Residues (ppm) 2• 3 

(City, State; Year) Ib ae/A (days) ppm 

Grande Arroyo, CA Tomato/ 
20006 10 Organic Yaqui Fruit 5.0 6.74 0 <0.05 <0.05 
CA$28 

Oviedo, FL 2006 
3 

Tomato/ Fruit 5.0 6.77 0 (0.027)4 (0.030)4 

FL$27 Celebrity 
The rate ts expressed both m terms of the concentration m the 1rrtgat10n water (ppm) and the total amount (lb ae!A) app!ted. 

z Expressed in acid equivalents. The LOQ is 0.05 ppm and the LOD estimated to be 0.002 ppm. 
3 The two results for each field tria! represent two samples taken from a single plot, not two plots. 
4 Results in parentheses are below the LLMV, but above the LOD. 

TABLEC.4. Summary of Residue Data from Tomato Field Trials with Endothall Monoamine Salt 
(SCIL). 

Total Applic. PHI 
Residue Levels (ppm) z 

Commodity Rate 1 (days) N Min. Max. HAFT 3 Median MoM Std. Dev. (STMdR) (STMR) 

Tomato 
5 ppm 

0 2 <0.05 <0.05 <0.05 0.05 0.05 NIA (6. 74-6. 77) 

The value m parentheses ts the total app!tcatlon rate m terms of!b ae!A. 
Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm. For all values reported :::LOQ, the LOQ was used for 
all calculations. 

3 HAFT"' Highest Average Field Trial. 

D. CONCLUSION 

The available field trial data are adequate and support the use of endothall-treated water for 
irrigation of tomatoes. The data support the use of endothall in irrigation water at a 
concentration of5 ppm ae, with no more that six applications per season, and a minimum ?*day 
interval between applications to the water. Residues are determined at a 0-day PHI. 

E. REFERENCES 

None 
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Primary Evaluator 

Approved by -=;Cv~;:1i:..=:;;;=:::::. ~'J/':'.."c' :"j)¥L~~;,t.l~';=2~==---::::::_- Date: 5 June 2009 
William Donovan, Senior Scientist, RABV, 
HED 

This DER was originally prepared under contract by Dynamac Corporation (191 0 Sedwick Road, 
Building I 00 Suite B, Durham NC 27713; submitted 3/25/2009). The DER has been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) poticies. 

STUDY REPORT: 

475207!9. Fenn Li (2008) Stability ofEndothall in Tomato, Lettuce, Sugar Beet Root and Com 
grain, Soybean and Soybean Oil During Frozen Storage Pending Analysis: Lab Project Number: 
KP-2007-11. Unpublished study prepared by Interregional Research Project No.4. II4 pages. 

EXECUTIVE SUMMARY: 

Frozen homogenized samples of tomato, lettuce, sugar beet root, corn grain, soybean seeds and 
oil were fortified with endothaii (free acid) at I.O ppm and placed in storage at ~8°C. Four 
fortified replicates of each matrix were analyzed prior to storage on Day zero, and duplicate 
fortified samples of each matrix were reanalyzed after approximately I, I 0, and 15 months of 
frozen storage for tomato, lettuce, corn grain and sugar beet roots and after approximately I, 5 
and 10 months for soybean seeds and oil. At each sampling interval, control samples and two 
freshly fortified samples of each matrix were analyzed along with the stored samples. 

Residues of endothall (free acid) inion each plant commodity were determined using an adequate 
LC/MS/MS method (Method No. KP-242Rl). For this method, residues were extracted with 
water and then derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H3P04. The 
derivatized residues were cleaned up by partitioning into methyl t-butyi ether (MTBE) and 
elution through an amine solid phase extraction (SPE) cartridge. Residues were then analyzed 
by LC/MS/MS using external standards for quantitation. Residues are expressed in endothall 
acid equivalents. The reported limit of quantitation (LOQ) for endothall inion plant commodities 
is 0.05 ppm, and the reported limit of detection (LOD) is 0.025 ppm. 

The storage stability data indicate that endothaii is stable at :S:-8°C for up to 465 days in 
tomatoes, lettuce, corn grain and sugar beet roots, and for up to 3I5 days in soybean seeds and 
oil. The corrected average recoveries from tomatoes, lettuce, corn grain and sugar beet roots 
were 99-I 12% at -465 days and were 116-120% from soybean seeds and oil at -3I5 days. The 
reported noted that the storage stability study on soybean seeds and oil is on-going. 
STUDY/WAIVER ACCEPTABILITY /DEFICIENCIESICLARIFICA TIONS: 
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Under the conditions and parameters used in the study, the storage stability data are classified as 
scientifically acceptable. The acceptability of this study for regulatory purposes is addressed in 
the forthcoming U.S. EPA Residue Chemistry Summary Document, DP# 356315. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUND INFORMATION 

Endothall [7-oxabicyclo[2,2, 1 J heptane-2,3-dicarboxylic acid] is a selective contact herbicide, 
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class. 
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. They are also registered for desiccation/defoliation of 
alfalfa/clover (grovm for seed only), cotton, and potatoes prior to harvest, and for reduction of 
sucker branch growth in hops. Permanent tolerances are established for the combined residues 
of endothall and its monomethyl ester at 0. 1 ppm inion cotton seeds. fish, dried hops and 
potatoes, and at 0.05 ppm inion rice grain and straw [40 CFR §180.293(a)(l)]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419), 
IR-4 has submitted storage stability data for a variety of plant matrices. The chemical structure 
and nomenclature of endothall are listed in Table A.l, and the physicochemical properties of 
technical grade endothall are listed in Table A.2. 

Table A.l. Endothall and Salts Nomenclature 

Chemical Struclure 0 

c OH 

OH 

0 
Common name Endothall 
Molecular Fonnula CsHaP5 
Molecular Wei t 186.16 
IUPACname 7-oxabicyclof2.2.I he tane-2,3-dicarboxylic acid 
CAS name 7-oxabicyclof2.2. I heptane-2,3-dicarboxylic acid 
CAS# 145-73-3 
PC Code 038901 
Curren! Food/Feed Site Re_gislration Colton, hops, potato, alfalfa grown for seed 
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B. EXPERIMENTAL DESIGN 

B.l. Sample Handling and Preparation 

Frozen control samples of each matrix were obtained from other GLP studies, with the exception 
of soybean oil, which was purchased at a local store. The storage stability study was conducted 
at two different laboratories. Fortification and analysis of tomato, lettuce, sugar beet roots and 
corn grain was conducted by JFR America Laboratories (King of Prussia, PA), and the 
fortification and analysis of the soybean samples was conducted by ALS Laboratories 
(Edmonton, AB, Canada). All frozen control samples were homogenized prior to fortification, 
with the exception of soybean oil, for which homogenization was unnecessary. 

For fortification, the endothall acid (monohydrate) was dissolved in either water (ALS lab) or 
acetone (JRF lab). Storage stability samples were prepared by fortifying a total oftwenty.five 5g 
subsamples with endothall acid at 1.0 ppm. 

B.2. Analytical Methodology 

Residues of the free acid of endothall inion each plant commodity were determined using a 
LC/MS/MS method (Method No. KP-242Rl) entitled "Analytical Method for Determination of 
Endothall in Crops", issued 5/4/2007. 

With the exception of soybean oil, residues were extracted twice by homogenization with water 
followed by centrifugation and filtering. For soybean oil, the sample was mixed with 5 mL of 
water and 3 mL of hexane and then centrifuged. Residues in the aqueous fraction were then 
derivatized with HFTH in 50% H3P04 at 100-120°C for 90 minutes. After cooling, the 
derivatized residues were partitioned into MTBE, evaporated to dryness, and reconstituted in 
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hexane:MTBE (I: I v:v). Residues were then cleaned using an amine SPE cartridge eluted with 
methanol:MTBE (1:4). Residues were analyzed by LC/MSIMS using external standards. The 
m/z 397--+166 ion transition was used for quantitation, and residues are expressed in acid 
equivalents. The reported LOQ and LOD for endothall in each commodity was 0.05 and 0.025 
ppm, respectively. 

This method was validated in conjunction with the analysis of the storage stability samples, 
using control samples of each commodity fortified with endothall at 1.0 ppm. 

C. RESULTS AND DISCUSSION 

Four fortified replicates of each matrix were analyzed prior to storage on Day 0, and duplicate 
fortified samples of each matrix were reanalyzed after approximately I, I 0, and 15 months of 
frozen storage for tomato, lettuce, corn grain and sugar beet roots and after approximately I, 5 
and 10 months for soybean seeds and oil. At each sampling interval, control samples and two 
freshly fortified samples of each matrix were analyzed along with the stored samples. 

The LC/MS/MS method used for determining endothall residues was adequately validated in 
conjunction with the analysis of the storage stability samples. Average concurrent recoveries 
(±SD) were 83 ± 8% for tomatoes, 83 ± 11% for lettuce, 80 ± 9% for com grain, 81 ±II% for 
sugar beet roots, 88 ± 12% soybean seeds, and 94 ± 11% for soybean oil (Table C. I). Apparent 
residues of endothall were <LOQ inion control samples. Adequate sample calculations and 
example chromatograms were provided. 

The average corrected recoveries at all storage intervals were 93-104% for tomato, 100-118% for 
lettuce, 100-113% for corn grain, 99-108% for sugar beet roots, 99-116% for soybean seeds, and 
93-120% for soybean oil (Table C.2) 

TABLE C.l. Summary of Concurrent Recoveries of Endothall from Various Crops. 

Matrix Spike Level Storage Interval Sample Size (n) Recoveries Mean± Std. Dev. 
(ppm) (days) (%) (%) 

Tomato 1.0 0 4 91, 87, 91, so 87 

33 2 88,94 91 
314 2 73, 74 74 
467 2 79, 74 76 

Lettuce 1.0 0 4 82, 82, 77, 8! 80 
34 2 71,76 74 
315 2 78, so 79 

469 2 96, !08 102 

Com grain 1.0 0 4 93, 82, 90, 84 87 

34 2 70, 70 70 
315 2 75, 77 76 
466 2 88, 72 80 

Sugar beet roots 1.0 0 4 73, 75, 104, 91 86 

34 2 70,73 72 

315 2 76,77 76 
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TABLE C.!. Summary of Concurrent Recoveries ofEndothall from Various Crops. 

Matrix Spike Level Storage Interval Sample Size (n) Recoveries Mean± Std. Dev. 
(ppm) (days) (%) (%) 

465 2 79,90 84 

Soybean oil 1.0 0 4 78, 80, 70, so 77 
3 I 2 93, 88 90 
147 2 91, 114 102 
306 2 91,90 90 

Soybean seed 1.0 0 4 79, I 04, 80, 98 90 
3 I 2 93,94 94 
147 2 98, 116 107 
315 2 83,92 88 

TABLEC.2. Stability of Endothall Residues in Various Crops Following Storage at <-8°C. 

Commodity Spike Level Sloragc Interval Recovered Residues Mean Recovered Mean Corrected 
(ppm) (Days) (ppm) Residues (ppm) Recovery Recovery 1 

(%) (%) 

TomalO 1.0 0 0.91, 0.87, 0.91, 0.80 0.87 87 N/A 
33 0.80, 0.90 0.85 85 9J 

314 0.80, 0.80 0.80 80 108 
467 0.73, 0.85 0.79 79 104 

Lettuce 1.0 0 0.82, 0.82, 0.77, 0.81 0.80 80 N/A 
34 0.71, 0.77 0.74 74 100 

315 0.93, 0.93 0.93 93 118 
469 1.14, 1.13 1.14 114 112 

Com grain 1.0 0 0.93, 0.82, 0.90, 0.84 0.87 87 N/A 
34 0.72, 0.72 0.72 72 !OJ 

315 0.87, 0.86 0.86 86 113 
466 0.82, 0.77 0.80 80 100 

Sugar beet 1.0 0 0.73, 0.75, 1.04, 0.91 0.86 86 N/A 
root~ 34 0.76, 0.74 0.75 75 104 

315 0.81, 0.82 0.82 82 108 
465 0.86, 0.80 0.83 83 99 

Soybean oil 1.0 0 0.78, 0.80, 0.70, 0.80 0.77 77 N/A 
31 0.88, 0.90 0.89 89 99 
147 0.98, 109 1.04 104 102 
306 1.04, 1.04 1.04 104 116 

Soybean seed 1.0 0 0.79, 1.04, 0.80, 0.98 0.90 90 N/A 
31 0.84, 0.90 0.87 87 93 
147 0.99, 1.11 1.05 105 98 

315 0.91, 1.20 1.06 106 120 
Corrected for mean concurrent recovery (see Table C. I.). 
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FIGURE C.l. Frozen Storage Stability ofEndothaH in Various Plant Matrices. 
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The storage stability data are adequate and indicate that endothall is stable at :5:-8°C for up to 465 
days in tomatoes, lettuce, com grain and sugar beet roots, and for up to 315 days in soybean 
seeds and oil. The storage stability study on soybean seeds and oil is on-going. 

E. REFERENCES 

None 

F. DOCUMENT TRACKING 

RDI: David Soderberg (5 June 2009); William Donovan (5 June 2009) 
Petition Number: 8E7419 
DP#:356315 
PC Code: 038901 
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Primary Evaluator d}~i'c. L.if~ 
David Soderberg, Chemist, RAB , HED 
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William Donovan, Senior Scientist, RABV, 
HED 

Date: 5 June 2009 

Date: 5 June 2009 

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road, 
Building 100, Suite B, Durham, NC 27713; submitted 3/27/2009). The DER has been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

47520709. Arsenovic, M. (2008) Endothall (Hydrothol 191 ): Magnitude of the Residue on Fruit, 
Pome Group: Lab Project Number: Z9767, Z9767.07-CER05 Unpublished study prepared by 
Interregional Research Project No. 4. 255 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No. 4 {IR-4) submitted field trial data reflecting the exposure of 
apples to endothall through the use of treated irrigation water. In two apple field trials conducted 
during 2006 in Zones land ll, a2.0 lb ae/gal soluble concentrate (SC/L) formulation of 
endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae. [In 
order to avoid the complications of different molecular weights for different salts, endothall 
concentrations are expressed as the free acid equivalents (ae).] The treated water was applied to 
the apple trees during fruit development as six broadcast foliar applications using overhead 
sprinklers, at retreatment intervals (RTis) of 7 days. A volume equivalent to -1 acre inch of 
water (27,154 gal/A) was applied for each application. Based on the concentration of the 
endothall and the amount of water applied, the application rates for endothall were equivalent to 
l.ll-1.13 lb ae/A/application, for a total of 6.64-6.79 lb ae/ Nseason. 

Single control and duplicate treated samples of apples were harvested from each test on the day 
of the final application (0 days after treatment, DAT), and samples were stored at :S-l8°C for up 
to 203 days prior to analysis. Adequate storage stability data are available to support the 
duration and conditions of sample storage. 

Residues of endothall (free acid) in/on apples were determined using an adequate LC/MS/MS 
method (Method No. KP-242Rl). For this method, residues were extracted with water and then 
derivatized with heptafluoro-p-tolylhydrazine (HFTH) in SO% H3P04. The derivatized residues 
were cleaned up by partitioning into methyl t-butyl ether (MTBE) and elution through an amine 
solid phase extraction (SPE) cartridge. Residues were then analyzed by LC/MSIMS using 
external standards for quantitation. Residues are expressed in endothall acid equivalents. The 
validated limit of quantitation (LOQ) for endothall in/on apples is 0.05 ppm. 
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Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm 
(6.64-6.791b ae/Aiseason), endothall residues at 0 DAT were <LOQ inion 4 samples of apples, 
but were detectable at 0.031-0.047 ppm in 3 of the 4 samples. The average and highest average 
field trial (HAFT) residues were <0.05 ppm inion apples. 

STUDY/WAIVER ACCEPTABILITYIDEFICIENCIES/CLARIFICATIONS: 

Under the conditions and parameters used in the study, the apple field trial residue data are 
scientifically acceptable. Although limited field trials were performed, these applications are 
expected to be conservative relative to actual inadvertent applications. The acceptability of this 
study for regulatory purposes is addressed in the forthcoming U.S. EPA Residue Chemistry 
Summary Document, DP# 356315. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUNDINFORMATION 

Endothall [7-oxabicyclo[2,2, 1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide, 
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class. 
The free acid of endothall (PC Code 03890 I) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding 
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed 
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops. 
Permanent tolerances are established for the combined residues of endothall and its monomethyl 
ester at 0.1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm inion rice 
grain and straw [40 CFR § 180.293(a)(I)]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E74l9), 
IR-4 has submitted field trial data reflecting irrigation of apples with endothall-treated water. 
The chemical structure and nomenclature of endothall and its monoalkylamine salt are listed in 
Table A.l. The physicochemical properties of technical grade endothall and its monoalkylamine 
salt are listed in Table A.2. 
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Table A. I. Nomenclature ofEndothall and its Monoalkylamine Salt. 

Chemical Structure 0 

c OH 

OH 

0 
Common name Endothall 
Molecular Fonnula C H1o05 
Molecular Weight 186.16 
IUPAC name 7-oxabicyclo 2.2.l]heptane-2,3-dicarboxylic acid 
CAS name 7-oxabic clo 2.2.1 he tane-2,3-dicarboxylic acid 
CAS# 145-73-3 
PC Code 038901 
Current Food/Feed Sile Cotton, hops, potato, alfalfa grown for seed 
Registration 
Chemical Structure 0 

( 
- H3C\ 0 ' N-CH

2
(n)CH

3 OH I 
H,C 

0 (n=7-17) 

Common name Endothall, mono-N,N-dimeth lalk I amine salt 
Molecular Formula Not a\•ailable 
Molecular Weight Average: 422 
IUPAC name 7-oxabic clo 2.2.1 he tane-2,3-dicarboxylic acid, com ound with N,N-dimeth lcocoamine 
CAS name Not a\•ailable 
CAS# 66330-88-9 
PC Code 038905 
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed, aquatic uses 
Re,2;istration 
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Table A.2. Pbysicocbemical Properties of Endotball and Its Monoalkylamine Salt. 

Parameter Value Reference 
Dissociation constant, pK. 4.32 for Step I and 6.22 for Step 2 at 20't (0.2% 0188708, 513193, K. Dockter 

solution in 20% basic ethanol); dissociation rate 
1.8-2.3 x !OJ ).lmho within 3-5 minutes at 025't, 
by conductivity meter 

Octanolfwater partition coefficient Not applicable to endothall acid Dl66798, 7/2/92, K. Dockter 
UV/visible absorption spectrum Not available 

Endotball mono-N N-dimeth lalkvl amine salt 
Bailin oint Not available 
pH 5.2 at 25't (1% solution) 0187593, Dl87590, and 0187588, 

5/5/93,K. Dockter 
Density, bulk density, or specific 1.028 glmL at 25't 0187593, 0187590, and Dl87588, 
ravitv 515193, K. Dockter 

Water solubility at 25't <!49.2 gllOOmL in water, pH 5 0210814,8/9/95, S. Knizner 
?.51.~ ~:oo mL in water, pH 7 
>49.8 100 mL in water, PH 9 

Solvent solubility at 25't 2:.102.5 gllOOmL in acetonitrile D210814, 8/9/95, S. Knizner 
~5.4 g/100 mL in n-octanol 
>I 04.3-g/100 mL in tetrahydrofuran 

Vapor pressure 2.09 x 10"
5 

mm Hg at 2;~ (calcu)~~ted; mixed 0206344, 9122/94, F. Toghrol 
mono- and dialkvlamine C8-C20) 

Dissociation constant, pK. 4.24 for Step t and 6.07 for Step 2 at 20't for 0198885, 4n/94, F. Toghrol 
mixed mono- and dialkylamine (C8-C20) in 
acidified ethanolfwater; dissociation complete 
017 minutes ( t.7 x I 01 j.!mho) at 25't 

Octanol/water partition coefficient I<Dw 2.097 at concentrations of8.9 x w- Mand D209995, 1120195, L. Edwards 
8.9 x 10-4M, at 25't 

UV/visible absorption spectrum Not available 

B. EXPERIMENTAL DESIGN 

B.l. Study Site Information 

Two apple field trials were conducted in Zones I and II during 2006 (Table B.l.l ). The 
irrigation water used in each test was treated with endothall (2.0 lb ae/gal SC monoalkylamine 
salt) at a concentration of ~5 ppm, acid equivalent. The treated water was applied to the apple 
trees during fruit development as six broadcast foliar applications using overhead sprinklers, at 
RTis of? days. A volume equivalent to ~1 acre inch of water (~27,154 gal/A) was applied for 
each application. Based on the concentration of the endothall and the amount of water applied, 
application rates for endothall were equivalent to l.ll-1.13lb ae/A/application, for a total of 
6.64-6.79lb ae/A/season (Table B.l.3). These applications are expected to be conservative 
relative to actual applications. 

TABLE B,l.l. Trial Site Conditions. 

Trialldenlification (City, State; Year) Soil characteristics1 

TyP' %OM pH CEC(meq/!OOg) 

North Rose, NY 2006 Sandy Loam 2.9 6.5 5.7 
NY$29 

Ephrata, WA2006 Sandy Loam 0.9 7.9 13.6 
WA$16 
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1These parameters are optional except in cases where their value affects the use pattern for the chemical. 

TABLE B.1.2. Water Characterization. 
Study site Water characteristics 

Type Hardness/Salinity pH Turbidity 

North Rose, NY 2006 Well NR NR NR 
NY$29 

Ephrata, WA 2006 Well NR NR NR 
WA$16 

NR not reported. 

Dissolved OM 

NR 

NR 

The actual temperature recordings and rainfall were typical for each site. The petitioner noted 
that precipitation for the NY site was above nonnal during the growing period, but the moisture 
excess did not affect crop grov.rth or have any negative impact on the trial. Additional irrigation 
was reported for the W A site, with under~tree micro-sprinklers. The tests were conducted 
according to normal agricultural practices for the regions, and information was provided on 
maintenance pesticides and fertilizers used at each site. No information was provided on the 
characteristics of the water used for irrigation, other than the source (Table B.1.2). 

TABLE B.l.3. Study Use Pattern. 
Location 

End-Use 
Application; no adjuvant used 

(City, State; Year) 
Product Method; Timing Concen. 1 Volume Single Rate RTI 4 Total Rate 

Triai!D (gal/A) 2 (lb ae/A) 3 (days) (lb ae!A) 3 

North Rose, NY Six broadcast foliar 
2006 2.0 lb/gal application during fruit 

5.01 27,089 1.13 7 6.79 
NY$29 sc development using 

overhead sprinklers. 

Ephrata, WA 2006 Six broadcast foliar 
WA$16 2.0 lb/gal application during fruit 

4.97~5.0 26,715 l.Jl 7 6.64 sc development using 
overhead sprinklers. 

' w The concentratiOn of ndothall (m actd eqUivalents) m the tmgahon water. No adjuvants ere mcluded m the tmgat!On water. 
2 The target irrigation rate was I acre inch of water or 27,154 gallA. 

The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae), the application 
volume ond plot size. 

4 RTl= Retreatment Interval. 
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TABLE B.1.4. Trial Numbers and Geographical Locations. 

NAFTA Apple 
Growing Submitted Requestcd 1 

Zones 3 

Canada u.s. 
I I -- 4 

2 -- -- 2 

3 -- -- --
4 -- -- --
5 -- -- 3 

6 -- -- --
7 -- -- --

' -- -- --
9 -- -- I 

10 -- -- I 

II I -- 5 

12 -- - --
13 -- -- --
Total 2 -- 16[12[ 2 

Based on EPA OPPTS Gmdelme 860.1500. 
The number in brackets indicates a 25% reduction required to support a crop group tolerance. 

3 Zones lA, 5 A and B, 7A and 14-21 were not included as the proposed use is for the U.S. only. 

B.2. Sample Handling and Preparation 

Duplicate control and treated samples (:::8.25 lb/sample, 24 fruits) of apples were harvested at 0 
DAT (after the sixth application) and placed in frozen storage at the test facility within 45 
minutes. Samples were stored frozen at the field sites for 5-23 days prior to shipment by ACDS 
Freezer truck to the analytical laboratory (Cerexagri, Inc., King of Prussia, PA), and stored at 
::;~ l8°C until analysis. 

B.3. Analytical Methodology 

Residues of endothall (free acid) in/on apples were determined using a LC/MS/MS method 
(Method No. KP-242Rl) entitled "Analytical Method for Determination ofEndothall in Crops", 
issued 5/4/2007. 

For this method, residues were extracted twice by homogenization with water followed by 
centrifugation and filtering. Residues were then deri.vatized with HFTH in 50% H3P04 at 100~ 
120°C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE, 
evaporated to dryness, and reconstituted in hexane:MTBE ( 1:1 v:v). Residues were then cleaned 
using an amine SPE cartridge eluted with methanol:MTBE (l :4). Residues were analyzed by 
LC/MS/MS using external standards. The m/z 397-+ 166 ion transition was used for quantifying 
residues. Residues are expressed in endothall acid equivalents. The validated LOQ for endothall 
inion apples is 0.05 ppm, and the LOD was estimated to be 0.0025 ppm. 
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The above method was validated prior to and in conjunction with the analysis of the field trial 
samples. Control samples of apples were fortified with endothall at 0.05-5.0 ppm for method 
validation, and control samples were fortified with endothall at 0.05 ppm for concurrent 
recoveries. 

C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for determining residues of endotha11 in/on apples was adequately 
validated prior to and in conjunction with the analysis of field trial samples. Method validation 
recovery averaged 88% with a standard deviation of I 0%, and concurrent recoveries averaged 
87% with a standard deviation of 13% (Table C.l). Apparent residues ofendothall were non
detectable in/on control samples. Adequate sample calculations and example chromatograms 
were provided and the fortification levels used for method recoveries were similar in magnitude 
to the measured residue levels. 

Apple samples were stored frozen at ::S-l8°C for up to 230 days prior to analysis (Table C.2). 
Adequate storage stability data are available indicating that endothall is stable in frozen tomatoes 
for up to 467 days (47520719.der, under review). These data will support the storage durations 
and conditions for the current field trials. 

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm 
(6.74-6.77 lb ae/Aiseason), endotha!l residues at 0 DAT were <LOQ inion 4 apple samples, but 
were detectable at O.Q31-0.047 ppm in 3 of the 4 samples (Table C.3). The average and HAFT 
residues were <0.05 ppm in/on apples (Table C.4). 

Phytotoxicity was noted on the treated trees (necrotic spots on leaves), but no damage was noted 
on the fruits. Common cultural practices were used to maintain plants, and the weather 
conditions and maintenance chemicals and fertilizer used in this study did not have a notable 
impact on the residue data. 

TABLE C.l. Summary of Method Validation and Concurrent Recoveries of Endothall from Apple. 

Matrix Spike Level Sample Size Recoveries Mean± Std. Dev. 
(ppm} ("} (%) (%) 

Method Validation 

0.05 3 91, 93,93 92 ± l 

0.5 3 76, 75, 74 75 ±I 
Fruit 

5.0 3 92, 104, 94 97±6 

Total 9 74-104 88± 10 
Concurrent Recoveries 

0.05 2 75, 102 89 

Fruit 
0.5 I 77 77 

1.0 I 95 95 

Total 4 75-102 87±13 
ts havin Standard dev!atwns are calculated for data se >3 valu g_ 
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TABLEC.2. Summary of Storage Conditions. 

Matrix Storage Temperature Actual Storage Duration 
("C) (days) 1 

Apple <¥18 230 

' Interval from harvest to extractiOn for analysts. Extracts were stored up to 6 days pnor to analysts. 
2 Endothall is stable in frozen tomatoes for up to 467 days (47520719.der under review). 

Interval ofDernonstrated 
Storage Stability 

(daysl 

467 

TABLEC.3. Residue Data from Apple Field Trials with Endothall Monoalkylamine Salt (SCIL). 

TriallD Zone Variety Matrix 
Total Rate PHI 

Residues (ppm)1
• 

3 

(City, State; Year) ppm lb ae!A (days) 

North Rose, NY 2006 I Empire Fruit 5.0 6.79 0 (0.031) (0.047) 
NY$29 

Ephrata, WA 2006 
II Braeburn Fruit 5.0 6.64 0 ND' (0.043) 

WA$16 
The rate LS expressed both m terms of the concentratiOn m the LrngatLOn water (ppm) and the total amount (lb ae!A) applted. 

3 Expressed in acid equivalents. The LOQ is 0.05 ppm and the LOD was estimated to be 0.0025 ppm. Values <LOQ but :?:100 
are listed in parentheses. 

3 The two results for each field trial represent two samples taken from a single plot, not two plots. 
• None Detected at LOD 

TABLEC.4. Summary of Residue Data from Pome Fruit Field Trials with Endotball Monoamine Salt 
(SC/L). 

To tat Appl ic. PHI 
Residue Levels (ppm) 2 

Commodity (days) HAFT 3 Median M<m Rat< 
" Min. M~. Std. Dev. (STMdR) (STMR) 

Apple 
5 ppm 

0 2 0.039 0.043 0.043 0.041 0.041 0.0028 
(6.64-6.79) 

' The value m parentheses LS the total apphcatJOn rate In terms oflb ae/A. 
2 Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm. For ali values reponed SLOQ, the LOQ was used for 

all calculations. 
3 HAFT= Highest Average Field Trial. 

D. CONCLUSION 
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The available field trial data are adequate and support the use of endothall-treated water for 
irrigation of apple trees. The data support the use of endothall in irrigation water at a 
concentration of 5 ppm (ae), with no more that six applications per season. And a minimum 7-
day interval between applications to the water. Residues in the apples represent a 0-day PHI. 

E. REFERENCES 

None 

F. DOCUMENTTRACKING 

RDI: David Soderberg (5 June 2009); William Donovan (5 June 2009) 
Petition Number: 8£7419 
DP#: 3563!5 
PC Code: 038901 and 038905 

Template Version June 2005 
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Date: 5 June 2009 

This DER was originally prepared under contract by Dynamac Corporation (I 9 I 0 Sedwick Road, 
Building 100, Suite B, Durham, NC 27713; submitted 3/27/2009). The DER has been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

475207!2. Arsenovic, M. (2008) Endothall (Hydrothol 191): Magnitude of the Residue on Nut 
Tree Group: Lab Project Number: Z977 I. Unpublished study prepared by Interregional Research 
Project No. 4. 21 I pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No.4 (IR-4) submitted field trial data reflecting the exposure of 
tree nut crops to endothall through the use of treated irrigation water. In a pecan and almond 
field trial conducted during 2006-2007 in Zones 2 and 10, respectively, a 2.0 lb ae/gal soluble 
concentrate (SC/L) formulation of endothall (monoalkylamine salt) was used to treat the 
irrigation water at a rate of 5 ppm ae. [In order to avoid the complications of different molecular 
weights for different salts, endothall concentrations are expressed as the free acid equivalents 
(ae).] The treated water was applied to the tree nut crops during nut development and maturation 
as six broadcast foliar applications using overhead sprinklers, at retreatment intervals (RTis) of 
7-8 days. A volume equivalent to ~1 acre inch of water (27,154 gal/A) was applied for each 
application. Based on the concentration of the endothall and the amount of water applied, the 
application rates for endothall were equivalent to 1.13- I. I 7 lb ae/ A/application, for a total of 
6.80-7.0!lb ae/A!season. 

Single control and duplicate treated samples of pecan and almond nutmeats and almond hulls 
were harvested from the respective tests on the day of the final application (0 days after 
treatment, DAT), and samples were stored at :S-1 8°C for up to 203 days prior to analysis. 
Adequate storage stability data are available to support the duration and conditions of sample 
storage. 

Residues of endotllall (free acid) in/on nutmeat and almond hull samples were determined using 
an adequate LC/MS/MS method (Method No. KP-242Rl ). For this method, residues were 
extracted with water and then derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% 
H3P04• The derivatized residues were cleaned up by partitioning into methyl t-butyl ether 
(MTBE) and elution through an amine solid phase extraction (SPE) cartridge. Residues were 
then analyzed by LC/MS/MS using external standards for quantitation. Residues are expressed 
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in endothall acid equivalents. The validated limit of quantitation (LOQ) for endothall inion 
nutmeats and hulls is 0.05 ppm. 

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm 
(6.80-?.0llb ae/A/season), endothall residues at 0 DAT were <LOQ in/on two samples each of 
pecan and almond nutmeats. However, residues were detectable at 0.024 ppm in one of the 
pecan nutmeat samples and at 0.036 and 0.037 ppm in the two almond nutmeat samples. 
Residues inion the two almond hull samples were 6.91 and 8.20 ppm. Average endothall 
residues and the highest average field trial (HAFT) residues were both 0.05 ppm for nutmeats 
and 7.56 ppm for almond hulls. 

STUDY fW AIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS: 

Under the conditions and parameters used in the study, the tree nut field trial residue data are 
classified as scientifically acceptable. Although limited field trials were performed, these 
applications are expected to be conservative relative to actual inadvertent applications. The 
acceptability of this study for regulatory purposes is addressed in the forthcoming U.S. EPA 
Residue Chemistry Summary Document, DP# 356315. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUND INFORMATION 

Endothall [7-oxabicyclo[2,2,1J heptane-2,3-dicarboxylic acid} is a selective contact herbicide, 
defoliant, desiccant, and aquatic algaecide that belongs to the dicarboxylic acid chemical class. 
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding 
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed 
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops. 
Permanent tolerances are established for the combined residues of endothall and its monomethyl 
ester at 0.1 ppm in/on cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm in/on rice 
grain and straw [40 CPR§ 180.293(a)(l)]. 

In conjunction with a petition for tolerances on a v.ride variety of irrigated crops (PP# 8E7419), 
IR-4 has submitted field trial data reflecting irrigation of tree nut crops with endothall-treated 
water. The chemical structure and nomenclature of endothall and its monoalkylamine salt are 
listed in Table A. I. The physicochemical properties of technical grade endothall and its 
monoalkylamine salt are listed in Table A.2. 
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Table A.l. Nomenclature ofEndothall and its Monoalkylamine Salt. 
Chemical Structure 0 

( OH 

OH 

0 
Common name Endothall 
Molecular Formula CgHwOs 
Molecular Weil',ht 186.16 
IUPAC name 7-oxabicy~:lo 2.2.1 heptane-2,3-dicarboxylic acid 
CAS name 7-oxabic clo 2.2.1 he tane-2,3-dicarbox ·lie acid 
CAS# 145-73-3 
PC Code 038901 
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed 
Registration 
Chemical Structure 0 

~ H,c 
0 \ . ( OH 1N~CH2(n)CH1 

H0C 

0 (n=7-l7) 

Common name Endothal1, mono-N,N-dimeth lalk I amine salt 
Molecular Formula Not available 
Molecular Weight Average: 422 
IUPAC name 7-oxabic clo 2.2.1 he tane-2,3-dicarbox lie acid, com ound with N,N-dimeth lcocoamine 
CAS name Not available 
CAS# 66330-88-9 
PC Code 038905 
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed, aquatic uses 
Registration 
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constant, 

B. EXPERIMENTAL DESIGN 

B.l. Study Site Information 

Field trials were conducted on pecans and almonds in Zones 2 and 10, respectively, during 2006-
2007 (Table B.l.l). The irrigation water used in each test was treated with endothall (2.0 lb 
at::! gal SC monoalkylamine salt) at a concentration of -5 ppm, acid equivalent. The treated water 
was applied to each crop during nut development and maturation as six broadcast foliar 
applications using overhead sprinklers, at RTis of 7-8 days. A volume equivalent to -1 acre inch 
of water (-27,154 gal/A) was applied for each application. Based on the concentration of the 
endothall and the amount of water applied, application rates for endothall were equivalent to 
1.13-1.17lb ae/A/app!ication, for a total of 6.80-7.0 I lb ae/A/season (Table B.l.3). These 
applications are expected to be conservative relative to actual applications. 

TABLE B.1.1. Trial Site Conditions. 

Trial Identification (City, State; Year) 
Soli characteristics1 

Type %OM pH CEC (meq/IOOg) 

Irwinville, GA 2006 Loamy Sand 1.25 5.3 3.0 GA$22 

Coalinga, CA 2007 Silty Clay 15 7.0 27.7 
CA$40 

TI1ese parameters are opt10nal except m cases where the1r value affects the use pattern for the chem1cal. 
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TABLE B.l.2. Water Characterization, 

Study site 
Water characteristics 

Type Hardness/Salinity pH 

Irwinville, GA 2006 Well NR NR 
GA$22 

Coalinga, CA 2007 Well NR NR 
CAS40 

NR Not reponed. 

Turbidity Dissolved OM 

NR NR 

NR NR 

The actual temperature recordings and rainfall were typical for each site and no unusual weather 
conditions were reported. No additional irrigation was reported during the study period. The 
tests were conducted according to normal agricultural practices for the regions, and information 
was provided on maintenance pesticides and fertilizers used at each site. No information was 
provided on the characteristics of the water used for irrigation, other than the source (Table 
B.!.2). 

TABLE B. I .3. Study Use Pattern. 

Location End-Use 
Application Information 

(City, State; Year) 
Product Method; Timing Concen. 1 Volume Single Rate RT1 4 Total Rate 

Trial ID (gal/A)~ (lb ae!A) 1 (days) (lb ae/A) 1 

Pecan 

Irwinville, GA 2006 Six broadcast foliar 
GA$22 2.0 lb/gal application during nut 

5.0 
27,853-

I.16-I.I7 7 7.01 sc development using 28,178 
overhead sprinklers. 

Almond 

Coalinga, CA 2007 Six broadcast foliar 
CA$40 2.0 lb/gal application during nut 

5.0 27, !50 I. 13 7-8 6.80 sc development using 
overhead sprinklers. 

The concentratiOn of endothall (m ac1d equivalents) m the 1rngatlon water. No adJUVants were mcluded m the 1mgat1on water. 
The target irrigation rate was I acre inch of wa!er or 27, I 54 gaUA. 
The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae), the application 
volume and plot size. 

4 RTf= Retreatment IntervaL 
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TABLE B.1.3. Trial Numbers and Geographical Locations. 

NAFTA Pecan Almond 
Growing Submitted Requested ' Submitted Requesled 1 

Zone? 
Canada U.S. Canada u.s. 

I ,, , , , , , 

2 I , , , , --
3 -- -- -- -- -- --
4 -- , -- -- -- , 

5 -- -- -- -- -- --
6 -- , -- -- -- --
7 , -- -- -- -- --

' , -- -- -- -- --
9 -- -- -- -- -- --
10 , -- -- I -- 5 

II -- -- -- -- -- , 

12 , -- -- -- -- --
13 , -- -- -- -- --
Total I , 5 I -- 5 

-Based on EPA OPPTS GUJdelme 860.1500. 
2 Zones lA, 5A and B, 7A and 14-20 were not included as the use is for U.S. only. 

B.2. Sample Handling and Preparation 

Pecans and almonds were harvested at 0 DAT (after the sixth application). Duplicate control and 
treated samples (2:2lbs/sample) were collected from each test and placed in frozen storage at 
each test facility within 3 hours. Samples were stored frozen at the field sites for 38-47 days. 
Samples were then shipped by freezer truck to the analytical laboratory, United Phosphorus, Inc. 
(King of Prussia, PA), and stored at ::S-18EC until analysis. 

B.3. Analytical Methodology 

Residues of endothall (free acid) inion nutmeats and almond hulls were determined using a 
LCIMS/MS method (Method No. KP-242RI) entitled "Analytical Method for Determination of 
Endotball in Crops", issued 5/4/2007. 

For this method, residues were extracted twice by homogenization with water followed by 
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3P04 at 100-
1200C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE, 
evaporated to dryness, and reconstituted in hexane:MTBE (1: 1 v:v). Residues were then cleaned 
using an amine SPE cartridge eluted with methanol:MTBE (1 :4). Residues were analyzed by 
LC/MS/MS using external standards. The rnlz 397---l-166 ion transition was used for quantifying 
residues. Residues are expressed in endothall acid equivalents. The validated LOQ for endothall 
in/on nutmeats and hulls is 0.05 ppm. An LOD of 0.00001 ppm was reported; however, this 
value was the instrument LOD, rather than the LOD of residue in a control matrix. 
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The above method was validated prior to and in conjunction with the analysis of the field trial 
samples. Control samples of pecan and almond nutmeats were fortified with endothall at 0.05-
5.0 ppm for method validation. For concurrent recoveries, control samples of nutmeats were 
fortified with endothall at 0.05 and 0.50 ppm and control samples of almond hulls were fortified 
at 0.05 and 2.0 ppm. 

C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for determining residues of endothall in/on nutmeats and hulls was 
adequately validated prior to and in conjunction with the analysis of field trial samples. The 
average method validation recovery was 75% with a standard deviation of 3% for pecan nutmeat 
and 77% with a standard deviation of 5% for almond nutmeats (Table C.l). The average 
concurrent recovery was 79% for pecan nutmeat, 76% for almond nutmeat and 83% for alrnond 
hulls. Apparent residues of endothall were <LOQ in/on all control samples. Adequate sample 
calculations and example chromatograms were provided, and the fortification levels used for the 
method recoveries were similar in magnitude to the measured residue levels. 

Pecan nutmeat, almond nutmeat and almond hull samples were stored at <~l8°C for up to 203, 
90 and 96 days, respectively, prior to analysis (Table C.2). Adequate storage stability data are 
available indicating that endothall is stable under frozen storage conditions for up to 315 days in 
soybean seeds and 466 days in corn grain (47520719.der under review). These data will support 
the storage durations and conditions for the current field trials. 

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm 
(6.80-7.0llb ae/Nseason), endothall residues at 0 DAT were <LOQ in/on all4 samples of pecan 
and almond nutrneats (Table C.3). However, endothall was detectable at 0.024 ppm in one ofthe 
pecan nutmeat samples and at 0.036 and 0.037 ppm in the two almond nutmeat samples. 
Residues inion the two almond hull samples were 6.91 and 8.20 ppm. Average endothall 
residues were 0.05 ppm for nutmeats and 7.56 ppm for almond hulls (Table C.4). The HAFT 
residues were 0.05 ppm for nutmeats and 7.56 ppm for hulls. 

No phytotoxicity was reported on the treated crops. Common cultural practices were used to 
maintain plants, and the weather conditions and maintenance chemicals and fertilizer used in this 
study did not have a notable impact on the residue data. 

DP# 356315/MRJD No. 47520712 Page7of9 J"& 
28g 



EndothalV038901/Interregional Research Project No.4 
DACO 6.4, 7.4, 7 .8/0PPTS 860.1400/0ECD IliA 8.4.3 and IliA 8.3 
Water, Fish, and Irrigated Crops- Irrigated Tree Nuts 

TABLE C.I. Summary of Method Validation and Concurrent Recoveries of Endothall from Tree Nuts 

Matrix Spike Level Sample Si1.e Recoveries Mean± Std. Dev. 
(ppm) (") (%) (%) 

Method Validation 

0.05 3 79, 74, 80 78±4 

Pecan Nutmeat 
0.5 3 74, 71,71 72±2 

5.0 3 74, 75, 74 74± I 

Total 9 71-81 75±3 

0.05 3 82, 75, 77 78 ±4 

Almond Nutmeat 
0.5 3 88, 76, 73 79±8 

5.0 3 75, 73, 74 74± I 

Total 9 73-88 77± 5 
Concurrent Recoveries 

Pecan Nutmeat 
0.05 I 79 

79 
0.5 I 78 

Almond Nutmeat 
0.05 I 74 

76 
0.5 I 78 

Almond Hulls 
0.05 I 87 83 
2.0 I 78 

Standard dev1at1ons are calculated for data sets havmg ~3 values. 

TABLEC.2. Summary of Storage Conditions. 

Matrix Storage Temperature Actual Storage Duration Interval of Demonstrated 
("C) (daysY Storage Stability (days) 2 

Pecan nutmeat 203 
soybean- 315 

Almond nutmeat 5-18 90 corn grain - 466 
Almond hull 96 
Interval from harvest to extractiOn for analySIS. Extracts were stored up to I day pnor to analys1s. 

z EndothaU is stable under frozen storage conditions for up to 3I5 days in soybean seeds and 466 days in com grain 
(47520719.der under review). 

TABLEC.3. Residue Data from Tree Nut Field Trials with Endotball Monoalkylamine Salt (SC/L). 

Trial ID Zone Crop; Variety Matrix 
Total Rate 1 PHI Residues (ppm) 2' 1 

(City, State; Year) ppm lb ae!A (days) 

Irwinville, GA 7.01 
2006 2 Pecan; summer Nutmeat 5.0 0 ND' (0.024) 
GA$22 

Coalinga, CA 2007 
10 

Almond; Nutmeat 
5.0 6.80 0 

(0.036) (0.037) 
CA$40 nonpariel Hulls 6.91 8.20 
The rate IS expressed both m terms of the concentratiOn m the nngatJOn water (ppm) and the total amount (Jb ae/A) apphed. 

2 Expressed in acid equivalents. The LOQ is 0.05 ppm. Values <LOQ but <::LOD are listed in parentheses. 
3- The two results for each field trial represent two samples taken from a single plot, not two plots. 
4 None detected at LOD 
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TABLE C.4. Summary of Residue Data from Tree Nut Field Trials with Endothall Monoalkylamine 
Salt (SCIL). FIX 

Total Applic. PHI 
Residue Levels (ppm) z 

Commodity 
Rate (days) Min. MW< HAFTJ Median Mean 

" (STMdR) (STMR) 
Std. Dev. 

Pecan, nutmeat 
5ppm 

0 I 0.24 024 0.024 0.024 0.024 N!A (7.0 l} 

Almond, nutmeat 5 ppm 0 I 0.037 0.037 <0.037 0.037 0.037 N/A 

Almond, hulls (6.80) 0 I 7.56 7.56 7.56 7.56 7.56 N!A 
The value m parentheses JS the total apphcahon rate m tenns of lb ae/A. 

2 Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm. For all values reported g.oQ, the LOQ was used for 
all calculations. 

1 HAFT= Highest Average Field Trial. 

D. CONCLUSION 

The available field trial data are adequate and support the use of endothall-treated water for 
irrigation of tree nut crops. The data support the use of endothali in irrigation water at a 
concentration of 5 ppm (ae), with no more that six applications per season and a minimum 7-day 
interval between applications to the water. Residues on the nut crops were detennined at a 0-
day PHI. 

E. REFERENCES 

None 

F. DOCUMENT TRACKING 

RDI: David Soderberg (5 June 2009); William Donovan (5 June 2009) 
Petition Number: 8E7419 
DP#: 356315 
PC Code: 038901 and 038905 

Templa!e Version June 2005 
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Primary Evaluator 

Approved by 

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road, 
Building I 00, Suite B, Durham, NC 27713; submitted 3/3 112009). The DER has been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

47520713. Arsenovic, M. (2008) Endothall (Hydrothol191): Magnitude of the Residue on Grain 
Cereal Group (Except Rice): Lab Project Number: Z9768. Unpublished study prepared by 
Interregional Research Project No. 4. 590 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No.4 (1R~4) submitted field trial data reflecting the exposure of 
representative cereal grain crops to endothall through the use of treated irrigation water. A total 
of l 3 field trials were conducted during the 2006 and 2007 growing seasons in Zones 1, 2, 5, 6, 
7, and 11, including two trials on sweet corn, four trials on field corn, three trials on sorghum, 
and four trials on wheat (3 winter wheat and 1 spring wheat). In each test, the 2.0 lb ae/gal 
soluble concentrate (SC/L) formulation of endothall (monoalkylamine salt) was used to treat the 
irrigation water at a rate of 5 ppm ae. [In order to avoid the complications of different molecular 
weights for different salts, endothall concentrations are expressed as the free acid equivalents 
(ae).] The treated water was applied to each crop during seed head formation and development 
as six broadcast foliar applications using overhead sprinklers, at retreatment intervals (RTis) of 
6-9 days. A volume equivalent to -1 acre inch of water (27, 154 gal/A) was applied for each 
application. Based on the concentration of the endothall in the irrigation water and the amount 
of water applied, the overall application rates for endothall were equivalent to 1.10-1.25 lb 
ae/Napplication, for a total of 6.58-7. I 0 lb ae/Nseason. As samples of field com forage, 
sorghum forage, and wheat forage and hay were harvested after only 2 or 3 applications, the total 
application rates for these commodities was 2.19-3.39lb ae/A. 

Duplicate control and treated samples of each commodity were harvested from the respective 
tests. Samples of field com forage, sorghum forage and wheat forage and hay were harvested 0 
days after the second or third application (0 DAT), Samples of sweet com forage, kennels plus 
cob with husks removed (K +CWHR) and stover, field corn grain and stover, sorghum grain and 
stover, and wheat grain and straw were harvested following the sixth application-at 0 DAT (or at 
1 DAT in one wheat test). Samples of all cereal grain commodities were stored at ~-l8°C for up 
to 238 days prior to analysis. Adequate storage stability data are available to support the 
duration and conditions of sample storage. 
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Residues of endothall (free acid) inion cereal grain commodities were determined using an 
adequate LC/MS/MS method (Method No. KP-242Rl). For this method, residues were 
extracted with water and then derivatized with heptafluoro-p-toly1hydrazine (HFTH) in 50% 
H3P04. The derivatized residues were cleaned up by partitioning into methyl t-butyl ether 
(MTBE) and elution through an amine solid phase extraction (SPE) cartridge. Residues were 
then analyzed by LC/MS/MS using external standards for quantitation. Residues are expressed 
in endothall acid equivalents. The validated limit of quantitation (LOQ) for endothall in/on each 
cereal grain commodity is 0.05 ppm. 

In the sweet com field trials, endothall residues at 0 DAT were <0.05-0.17 ppm inion 4 samples 
of K +CWHR, 0.52-1.28 ppm inion 4 samples of forage without ears, 0.40-1.06 ppm inion 4 
samples of forage with ears, and 0.58-5.06 ppm in/on 4 samples of stover with ears. Average 
endothall residues were 0.11 ppm forK +CWHR, 0.91 ppm for forage without ears, 0. 71 ppm for 
forage with ears, and 2. 76 ppm for stover with ears. The HAFT residues were 0.17 ppm in/on 
K+CWHR, 1.23 ppm in/on forage without ears, 0.97 ppm in/on forage 'With ears, and 4.88 ppm 
inion stover with ears. 

In the field corn field trials, endothall residues at 0 DAT were 0.21-0.42 ppm in/on 8 samples of 
forage harvested after only 2 or 3 applications (2.26-3.38lb ae/A). Following all six applications 
(6.75-7.10 lb ae/A), endothall residues at 0 DAT were <0.05 ppm inion 8 samples of grain and 
1.07-3.48 ppm inion 8 samples of stover. Average endothall residues were 0.33 ppm for forage, 
<0.05 ppm for grain, and 2.08 ppm for stover. The HAFT residues were 0.385 ppm inion forage, 
<0.05 ppm inion grain, and 3.19 ppm in/on stover. 

In the sorghum field trials, endothall residues at 0 DAT were 0.29-3.05 ppm inion 6 samples of 
forage harvested after only 2 or 3 applications (2.26-3.38lb ae/A). Following all six applications 
(6.77lb ae/A), endothall residues at 0 DAT were 0.49-1.41 ppm in/on 6 samples of grain and 
0.81-7.19 ppm inion 6 samples of stover. Average endothall residues were 1.26 ppm for forage, 
1.00 ppm for grain, and 2.91 ppm for stover. The HAFT residues were 2.67 ppm in/on forage, 
1.21 ppm inion grain, and 4.90 ppm in/on stover. 

In the wheat field trials, endothall residues at 0 DAT were 0.63-2.27 ppm inion 8 samples of 
forage and 1.00-3.09 ppm in/on 8 samples of hay harvested after only 2 or 3 applications (2.19-
3.39lb ae/A). Following all six applications (6.58-6.77lb ae/A), endothall residues at 0 or I 
DAT were 0.20-2.01 ppm in/on 8 samples of grain and 0.61-2.76 ppm inion 8 samples of straw. 
Average endothall residues were 1.15 ppm for forage, 1.94 ppm for hay, 0.71 ppm for grain, and 
1.83 ppm for straw. The HAFT residues were 2.13 ppm inion forage, 3.09 ppm irifon hay, 1.91 
ppm in/on grain, and 2.74 ppm inion straw. Residue decline data were not provided in any field 
trials. 

STUDY/WAIVER ACCEPTABILITY /DEFICIENCIES/CLARIFICATIONS: 

Under the conditions and parameters used in this study, the residue data on sweet com forage, 
K+CWHR and stover, field com grain and stover, sorghum grain and stover, and wheat grain and 
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straw are classified as scientifically acceptable. However, the residue data on field corn forage, 
sorghum forage, and wheat forage and hay did not receive all six possible applications prior to 
harvest, and therefore may not be conservative. The acceptability of this study for regulatory 
purposes is addressed in the forthcoming U.S. EPA Residue Chemistry Summary Document, 
DP# 356315. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUND INFORMATION 

Endothall [7-oxabicyclo[2,2, 1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide, 
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class. 
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. This includes irrigation canals, but only with a 7 day holding 
period. They are also registered for desiccation/ defoliation of alfalfa/clover (grown for seed 
only), cotton, and potatoes prior to harvest, and for reduction of sucker branch growth in hops. 
Permanent tolerances are established for the combined residues of endothall and its monomethyl 
ester at 0.1 ppm inion cotton seeds, fish, dried hops and potatoes, and at 0.05 ppm inion rice 
grain and straw [40 CFR §180.293(a)(l)]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419), 
IR-4 has submitted field trial data reflecting irrigation of representative cereal grains with 
endothall-treated water. The chemical structure and nomenclature of endothall and its 
monoalkylamine salt are listed in Table A.l. The physicochemical properties of technical grade 
endothall and its monoalkylamine salt are listed in Table A.2. 
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Table A.l. Nomenclature ofEndothall and its Monoalkviamine Salt 
Chemical Structure 0 

OH 

OH 

0 
Common name Endothall 
Molecular Formula CaH1oOs 
Molecular We\ t 186.16 
lUPACname 7-oxabic clo 2.2.1 he tane-2,3-dicarbox lie acid 
CAS name 7-oxabicyc\o 2.2.11heptane-2,3-dicarbox.ylic acid 
CAS# 145-73-3 
PC Code 038901 
Current Food/Feed Site Registration Cotton, hops, potato, alfalfa grown for seed 
Chemical Structure 0 

( 
~ H,c 

0 \ . 
OH 1

N-CH2(n)CH3 

H,C 

0 (n=7~17) 

Common name Endothall, mono-N,N-dimethylalkyl amine salt 
Molecular Fonnula Not available 
Molecular Wei ht Avera e: 422 
IUPAC name 7-ox.abicyclof2.2.1]heptane-2,3-dicarboxylic acid, compound with N,N-

dimethylcocoamine 
CAS name Not available 
CAS# 66330-88-9 
PC Code 038905 
Current Food/Feed Site Re istration Cotton, hops, potato, alfalfa grown for seed, a uatic uses 
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B. EXPERIMENTAL DESIGN 

B.l. Study Site Information 

A total of 13 field trials were conducted on representative cereal grains in Zones 1, 2, 5, 6, 7, and 
11 during the 2006 and 2007 growing seasons (Table B.l.l), including two trials on sweet com, 
four trials on field corn, three trials on sorghum, and four trials on wheat (3 winter wheat and 1 
spring wheat). In each test, the irrigation water was treated with endothall (2.0 lb ae/gal SC 
monoalkylamine salt) at a concentration of ~5 ppm, acid equivalent. The treated water was 
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applied to each crop from seed head development through grain maturation as six broadcast 
foliar applications using overhead sprinklers, at RTis of 6-9 days. A volume equivalent to -1 
acre inch of water (~27,154 gallA) was typically applied for each application. Based on the 
concentration of the endothall and the amount of water applied, the overall application rates for 
endothail were equivalent to 1.10-1.25 lb ae/A/application, for a total of 6.58-7.10 lb ae/A/season 
(Table B. 1.3). 

As samples of field com forage, sorghum forage, and wheat forage and hay were harvested after 
only 2 or 3 applications, the total application rates for these commodities was 2.19-3.39lb ae/A 

TABLE B.l.l. Trial Site Conditions. 

Trial identification (City, State; Year) 
Soil characteristics1 

Type %OM I pH CEC (meq/ tOO g) 

Sweet Corn 

Sodus, NY 2006 Gravelly Loam 3.2 6.4 13.4 NY$17 

Campbell. l'viN 2007 
Clay Loam 4.8 6.7 30.2 

MN$10 

Field Corn 

Baptistown, NJ 2006 
Lo'm 2.3 6.7 9.1 

NJ$18 

Sparta, IL 2007 Silt 2.5 6.9 10 
IL$09 

Richland, fA 2007 Silty Clay Loam 4.88 6.53 23.7 
IA$06 

Centerville, SD 2007 Sandy Loam 2.1 7.4 12.89 
S0$05 

Sorghum 

Sparta, IL 2007 
Silt 2.5 6.9 10.9 

IL$08 

Richland, lA 2007 Silty Clay Loam 3.68 6.20 22.5 
IA$07 

Larned, KS 2007 Sandy Clay Loam 0.7 5.7 6 
KS$03 

Wheat 
Ephrata, WA 2007 

Loamy Sand 0.8 7.7 11.7 
WA$20 

Bernard, TX 2007 
Sandy Clay Loam 0.3 6.9 7.1 

TX$19 
St, Johns, KS 2007 Sand 0.7 7.7 3.8 
KS$21 

Velva, NO 2007 
Lo'm 3.2 5.6 17.8 

ND$04 
1 hese parameters are opttonal except m cases v.here thetr value affects the use pattern for the clJemtcal. 
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TABLE B.l.l.2 Water Characterization. 

Study site 
Water characteristics 

Type Hardness/Salinity pH Turbidity Dissolved OM 

Sodus, NY 2006 Well NR NR NR NR 
NY$17 

Campbell. MN 2007 I Well NR NR NR NR 
MN$10 

Baptistown, NJ 2006 Well NR NR NR NR 
NJ$18 

Sparta, lL 2007 Well NR NR NR NR 
IL$09 

Richland, IA 2007 Well NR NR NR NR 
IA$06 

Centerville, SD 2007 Well NR NR NR NR 
SD$05 

Sparta, IL 2007 Well NR NR NR NR 
IL$08 

Richland, IA 2007 Well NR NR NR NR 
IA$07 
Larned, KS 2007 Well NR NR NR NR 
KS$03 

Ephrata, WA 2007 Well NR NR NR NR 
WA$20 

Bernard, TX 2007 Well NR NR NR NR 
TX$19 

St, Johns, KS 2007 Well NR NR NR NR 
KS$21 

Velva, ND 2007 Well NR NR NR NR 
NDS04 

NR not reported. 

The actual temperature recordings and rainfall were typical for each site and no unusual weather 
conditions were reported. No additional irrigation was reported during the study period. The 
tests were conducted according to normal agricultural practices for the regions, and information 
was provided on maintenance pesticides and fertilizers used at each site. No information was 
provided on the characteristics of the water used for irrigation, other than the source (Table 
B.L2). 

TABLE B.1.2. Study Use Pattern. 

Location End-Use 
Application Information 

(City, State; Year) 
Product Method 1

; Timing Concen. 2 Volume Single Rate RTI' Total Rate 
Trial JD (ppm) (gal/A) 3 (lb ae!A) • {days) Qb ae/A) 4 

Sweet Corn 

Sodus, NY 2006 
J 2.0 lb ae!gal 

Six broadcast foliar 
NY$17 applications from 5-6 true 5.0 27,140 1.13 6-9 6.75 SC/L leaves to mature ears 

Campbell. MN 2007 i 2.0 lb aefgal 
Six broadcast foliar 

27,696-
MNSIO i SCIL 

applications from V9 or 5.0 
27,720 1.15 6-8 6.91 

' VI 0 to milk stage 
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TABLE B.1.2. Study Use Pattern. 

Location 
End~Use 

Application Information 

(City, State; Year) 
Product Method 1

; Timing Concen. 2 Volume Single Rate 
Trial lD (ppm) (gallA) 3 (lb ae!A) 4 

Field Corn 

Baptistown, NJ 2006 2.0 lb aefgal 
Six broadcast foliar 

NJ$18 applications from milk 5.0 27,154 I. 13 
SC/L stage (R3) to maturity (R6) 

Sparta, \L 2007 2.0 lb aefgal Six broadcast foliar 
IL$09 SCIL 

applications from 13~14 5.0 27,!54 1.13 
true leaves 

Richland, lA 2007 Six broadcast foliar 
IA$06 2.0 lb aefgal applications from late 5.0 27,154 l.l3 SCIL dough (BBCH 85) to 

maturity (BBCH 89) 

Centerville, SD 2007 
2.0 lb aefgal 

Six broadcast foliar 27,078-
SD$05 SC/L 

applications from dough 5.0 
30,202 

1.12-1.25 
slage to maturity 

Sorghum 

Spana, \L 2007 
2.0 lb aelgal 

Six broadcast foliar 
IL$08 SC/L 

applications during seed 5.0 27,154 1.13 
head development 

Richland, lA 2007 Six broadcast foliar 
IA$07 2.0 lb ae/gal applications from mid-milk 

5.0 27,154 J. l 3 SC/L (BBCH 75) to maturity 
(BBCH 89) 

Larned, KS 2007 Six broadcast foliar 
KS$03 2.0 lb aelgal applications from early 

5.0 27,161 l.J3 SCIL dough (BBCH 83) to 
maturity (BBCH 89) 

Wheat 

Ephrata, WA 2007 2.0 lb ae/gal 
Six broadcast foliar 

WA$20 
SC/L 

applications from soft 5.0 26,715 I.\ I 
dough to maturity 

Bernard, TX 2007 Six broadcast foliar 
TX$19 2.0 lb aelgal applications from end of 

5.0 
26,926-

1.12 SC/L flowering (BBCH 69) to 26,938 
maturity (BBCH 89) 

St, Johns, KS 2007 Six broadcast foliar 
K.S$21 2.0 lb aefgal applications from end of 

5.0 27,!60 1.13 SCIL heading (BBCH 59) to 
maturity (BBCH 87) 

Velva, ND 2007 2.0 lb aefgal 
Six broadcast foliar 

ND$04 applications from heading 5.0 26_.365 J.\0 SCIL to maturity 

All applJcations were made usmg overhead sprmkler systems. 

RTls Total Rate 
(days) (lb ae!A) 4 

7 6.75 

6-8 6.77 

6-8 6.77 

6-7 7.\0 

6-8 6.77 

7 6.77 

6-7 6.77 

6-8 6.64 

6-8 6.71 

6-8 6.77 

7 6.58 

2 The concentration of endothall (in acid equivalents) in the irrigation water. No adjuvants were included in the irrigation water. 
3 The target irrigation rote was I acre inch of water or 27,154 gal/A. 
4 The equivalent field use rates were calculated by the reviewer based on the concentration of the endothal\ (ac), the application 

volume and plot size. 
5 RTI = Retreatment IntervaL 
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TABLE 8.1.3. Trial Numbers and Geographical Locations. 

NAFTA Sweet Corn Field Corn Sorghum Wheat 
Growing Submitted Requested 1 Submitted Requested1 Submitted Rcquested1 Submitted Requested1 

Zones~ 
Cauada U.S. Canada u.s. Canada U.S. Canada us 

I I .. I .. .. I .. 

2 .. .. I I .. I . . 

3 .. .. I .. .. .. . . 

4 .. .. .. .. . . .. .. 
5 I .. 3 3 .. I2 2 

6 .. .. .. .. .. I .. 
7 .. .. .. .. .. .. I 

8 .. .. .. .. .. .. . . 
9 .. .. .. .. . . .. .. 

IO .. .. I . . .. .. -· 
II .. .. I -- -- .. --
I2 -- -- I -- .. -- .. 
I3 -- -- -- -- .. .. 
Total 2 .. 9 4 .. IS .. 

0 Based on EPA OPPTS Gutde!me 860.1500. JndJcates a 25Yo reductiOn for a crop group. 
~ Zones lA, SA and 8, 7A and 14-20 were not included das the use is for U.S. only. 

B.2. Sample Handling and Preparation 

.. .. .. . . 

.. .. .. . . 

.. .. .. . . 

. . I .. . . 

.. 3 I . . 

.. 2 I . . 

. . I I . . 

.. 2 .. . . 

.. .. .. . . 

.. .. -- ·-
-- .. I ·-
·- -- .. --
·- .. .. ·-
.. 9 4 . . 

Samples of each sweet corn commodity, field corn grain and stover, and sorghum grain and 
stover were harvested at 0 DA T after the sixth application, and wheat grain and straw were 
harvested at 0 or 1 OAT after the sixth application. Samples of field corn forage, sorghum 
forage and wheat forage and hay were harvested 0 days after the second or third application. 
Duplicate control and treated samples of each commodity (?:lib/sample) were collected from the 
respective tests and placed in frozen storage at each test facility within 2.5 hours. Prior to 
storage, samples of sweet com stover were dried for 2-8 days, samples of sorghum stover were 
dried for 1-2 days, and samples of wheat hay were dried for 1-6 days. The collected samples 
were stored frozen at the field sites for 7-55 days. Samples were then shipped by ACDS freezer 
truck to the analytical laboratory, United Phosphorus, Inc. (King of Prussia, PA), and stored 
frozen (:s:-ISEC) prior to analysis. 

B.3. Analytical Methodology 

Residues of endothall (free acid) in! on grain, forage, stover and sweet corn K +CWHR were 
determined using a LC/MS/MS method (Method No. KP-242Rl) entitled "Analytical Method for 
Determination of Endothall in Crops", issued 5/4/2007. 

For this method, residues were extracted twice by homogenization with water followed by 
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H3P04 at I OO
l200C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE, 
evaporated to dryness, and reconstituted in hexane:MTBE (1: I v/v). Residues were then cleaned 
using an amine SPE cartridge eluted with methanol:MTBE (4:l,v/v). Residues were analyzed by 

.. 
I 
.. 

I 

3 

I 

4 

4 
.. 

.. 
--
.. 
.. 
IS 
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LC/MS/MS using external standards. The m/z 397----) 166 ion transition was used for quantifying 
residues. Residues are expressed in endothall acid equivalents. The validated LOQ for endothall 
inion forage and hay is 0.05 ppm. An LOD ofO.OOOOl ppm was reported; however, this value 
was the instrument LOD, rather than the LOD of residues in a control matrix. 

Control samples of wheat grain and corn grain, forage and forage w/ ears were fortified with 
endothall at 0.05~5.0 ppm for method validation. For concurrent recoveries, control samples 
were fortified with endothall at 0.05~4.0 ppm for forage, hay, stover and straw, 0.05-2.0 ppm for 
grain and K +CWHR. 

C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for determining residues of endothall inion cereal grain 
commodities was adequately validated prior to and in conjunction with the analysis of field trial 
samples. Average method validation recoveries (±SD) were 88 ± 6% for com grain, 96 ± 7% for 
com forage, 92 ± 5% for com forage with ears, and 75 ± 3% for wheat grain (Table C.l). 
Average Concurrent recoveries for each commodity were 75-95% with standard deviations of 4-
15%. Apparent residues of endothall were <LOQ inion control samples of each matrix. 
Adequate sample calculations and example chromatograms were provided, and the fortification 
levels used for the method recoveries were similar in magnitude to the measured residue levels. 

Samples were stored at <-l8°C for up to 238 days prior to analysis (Table C.2). Adequate 
storage stability data are available indicating that endothall is stable for up to 465-469 days in 
frozen tomatoes, lettuce, com grain and sugar beet roots and up to 316 days in frozen soybeans 
( 47520719.der, under review). These stability data will support the storage durations and 
conditions for the current cereal grain field trials. 

In the sweet com field trials, endothall residues at 0 DAT were <0.05-0.17 ppm inion 4 samples 
of K+CWHR. 0.52-1.28 ppm inion 4 samples of forage without ears, 0.40-1.06 ppm in/on 4 
samples of forage with ears, and 0.58-5.06 ppm inion 4 samples of stover with ears (Table C.3). 
Average endothall residues were 0.11 ppm forK +CWHR, 0.91 ppm for forage without ears, 0. 71 
ppm for forage with ears, and 2.76 ppm for stover with ears (Table C.4). The HAFT residues 
were 0.17 ppm inion K +CWHR, 1.23 ppm inion forage without ears, 0.97 ppm in/on forage with 
ears, and 4.88 ppm in/on stover with ears. 

In the field com field trials, endothall residues at 0 DAT were 0.21-0.42 ppm inion 8 samples of 
forage harvested after only 2 or 3 applications (2.26-3.38 lb ae/A). Following all six applications 
(6. 75-7.10 lb ae/A), endothall residues at 0 DAT were <0.05 ppm in/on 8 samples of grain and 
1.07-3.48 ppm in/on 8 samples of stover. Average endothall residues were 0.33 ppm for forage, 
<0.05 ppm for grain, and 2.08 ppm for stover. The HAFT residues were 0.385 ppm inion forage, 
<0.05 ppm inion grain, and 3.19 ppm in/on stover. 

In the sorghum field trials, endothall residues at 0 DAT were 0.29-3.05 ppm inion 6 samples of 
forage harvested after only 2 or 3 applications (2.26-3.38 lb ae/A). Following all six applications 
(6.77 lb ae/A), endothall residues at 0 DAT were 0.49-1.41 ppm inion 6 samples of grain and 
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0.81-7.19 ppm in/on 6 samples of stover. Average endothall residues were 1.26 ppm for forage, 
1.00 ppm for grain, and 2.91 ppm for stover. The HAFT residues were 2.67 ppm inion forage, 
1.21 ppm inion grain, and 4.90 ppm inion slaver. 

In the wheal field trials, endothall residues at 0 DAT were 0.63-2.27 ppm tnlon 8 samples of 
forage and 1.00-3.09 ppm tnlon 8 samples of hay harvested after only 2 or 3 applications (2.19-
3.39lb ae/A). Following all six applicaJions (6.58-6.77lb ae/A), endothall residues ai 0 or I 
DAT were 0.20-2.01 ppm inion 8 samples of grain and 0.6!-2.76 ppm inion 8 samples of straw. 
Average endothaJl residues were 1.15 ppm for forage, 1.94 ppm for hay, 0.71 ppm for grain, and 
1.83 ppm for straw. The HAFT residues were 2.13 ppm inion forage, 3.09 ppm in/on hay, I .91 
ppm inion grain, and 2.74 ppm in/on straw. 

No phytotoxicity was reported on any of the cereal grain crops. Common cultural practices were 
used to maintain plants, and the weather conditions and maintenance chemicals and fertilizer 
used in I his study did not have a notable impact on the residue data. 

TABLEC.I. Summary of Method Validation and Concurrent Recoveries of Endothall from Cereal 
Grains 

Crop Malrix Spike Level Sample Size Recoveries Mean± Std. Dev. 
(ppm) (o) {%) (%) 

Method Validation 

0.05 3 96,81,93 90±8 

Grain 
0.5 3 80, 92, 90 87 ±6 

5.0 3 88, 86, 83 86±3 

Total 9 80-96 88±6 

0.05 3 100, 105, tog 104 ± 4 

Com Forage 0.5 3 96,93, 88 92 ±4 

5.0 3 89,98, 87 91 ± 6 

Total 9 87-108 96±7 

0.05 3 91, 93, 90 91 ... 2 

Forage wilh 0.5 3 87,93, 90 90± 3 
ears 5.0 3 104, 87, 90 94±9 

Total 9 87-104 92 ±5 

0.05 3 75, 76, 73 75±2 

Whem Grain 
0.5 3 76, 72, 72 73 ±2 

5.0 3 83, 73, 77 78±5 

Total 9 n-83 75±3 
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TABLE C.l. Summary of Method Validation and Concurrent Recoveries ofEndothall from Cereal 
Grains 

Crop Matrix Spike Level Sample Size Recoveries Mean± Std. Dev. 
(ppm) (o) (%) (%) 

Concurrent Recoveries 

Corn 0.05 6 71, 97, 80, 74, 108,70 83± 16 

0.5 I 85 85 
Forage 1.0 2 82, 75 79 ±5 

2.0 3 84, 87, 73 81 ±7 

Total 12 70~108 82± 11 

0.05 2 IOO,Jll 106± 8 

Forage with 1.0 I 90 90 

"'" 2.0 I 78 78 

Total 4 78~111 95± 14 

0.05 4 76, 72, 70, 70 72±3 

Grain 
0.2 2 74, 81 78±5 

0.5 2 78, 70 74±6 

Total 8 70-81 74±4 

0.05 2 94, 105 100±8 

K+CWHR 
0.5 I 80 80 
2.0 I 71 71 

Total 4 71~105 88± 15 

0.05 6 76, 77, 88, 110,81,81 86± 13 

1.0 4 90, 79, 73, 75 79± 8 
Stover 2.0 I 84 84 

4.0 I 82 82 

Total 12 73~110 83± 10 

Sorghum 0.05 3 75, 88, 95 86± 10 

05 I 75 75 
Forage 1.0 I 71 71 

4.0 I 106 106 
Total 6 71~106 85± 14 

0.05 3 81, 72, 77 77±5 

Grain 
0.5 I 75 75 

1.0 2 80, 72 76± 6 

Total 6 72-81 76±4 

0.05 2 72,85 79±9 
Stover 1.0 2 79, 71 75 ±6 

Total 4 71-85 77±7 
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TABLE C.l. Summary of Method Validation and Concurrent Recoveries of Endothall from Cereal 
Grains 

Oop Matrix Spike Level Sample Size Recoveries Mean± Std. Dev. 
(ppm) (") (%) (%) 

Wheat 0.05 4 70, 78, 72, 85 76± 7 

Forage 
1.0 2 80, 74 77± 4 

2.0 2 76,80 78± 3 

Total 8 70*85 77± 5 

0.05 4 79, 80, 7t, 80 78± 4 

0.5 2 71,70 71± I 
Grain 1.0 I 77 77 

2.0 I 72 72 

Total 8 70*80 75±4 

0.05 4 70, 70, 73, 70 71 ±2 

0.1 I 74 74 

H•y 
1.0 I I 13 113 

2.0 I 74 74 

4.0 I 73 73 

Total 8 70*113 77± 15 

0.05 4 78, 72, 72, 73 74± 3 

2.0 2 72,72 72 
'straw 3.0 I 90 90 

4.0 I 76 76 

Total 8 72*90 76±6 
> Standard dev1at1ons are calculated for data sets havmg _3 values. 

TABLEC.2. Summary of Storage Conditions. 

Crop Matrix 
Storage Temperature Actual Storage Duration 

(days)1 
Interval of Demonstrated Storage 

("C) Stability (days)2 

Corn K+CWHR 5 1*238 

forage _*_45-237 ---
grain 44-139 

stover 42*236 

Sorghum forage 69-83 

grain S-18 51-61 316-469 

stover 54...()1 

Wheat forage 50-113 

grain 54-86 

h•y 42-104 

straw 55-85 

-lnterval from harvest to extraction for analys1s. Extracts were stored 0 I 0 days pnor to analys1s. 
Based on storage stability data from frozen tomatoes, lettuce, corn grain, sugar beet roots, and soybean seeds (47520719.der, 
under review). 
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TABLE C.3. Residue Data from Crop Field Trials with Endothall. 

Trial!D Total Rate 1 
PHI 

(City, State; Year) 
Zone Crop; Variety Matrix 

ppm I (lb aeiA 
(days) 

Sweet Corn 

Sodus, NY 2006 K+CWHR 
NY$17 Sweet com; Forage (w/o ears) 

I Speedy Sweet 
5.0 6.75 0 

Forage (w/ears) 

Stover (w/ears) 

Campbell. MN K+CWHR 
2007 Sweet corn: Forage (w/o ears) 
MN$10 5 Vi!ality 5.0 6.91 0 

Forage (w/ears) 

Stover (w/ears) 

Field Corn 

Baptiswwn, NJ Forage 3.38 4 

2006 2 
Field com; 

Grain 5.0 0 
NJ$18 TA 3892 6.75 

Stover 

Sparta, IL 2007 Forage 
IL$09 5 Field Corn 

Grain 5.0 6.77 0 
DK61-73 

Stover 

Richland, lA 2007 Forage 2.26 1 

IA$06 5 
Field Corn 

Grain 5.0 0 
34AI6 6.77 

Stover 

Centerville, SO Forage 2.40 1 

2007 5 
Field Corn 

Grain 5.0 0 
SD$05 DKC 54-46 7.10 

Stover 

Sorghum 

Sparta, IL 2007 Forage 3.38 4 

IL$08 5 Sorghum 
Grain 5.0 0 

Dekalb 44 6.77 
Stover 

Richland, lA 2007 Forage 3.38 4 

IA$07 5 
Sorghum 

Grain 5.0 0 85GOI 6.77 
Stover 

Lamed, KS 2007 Forage 2.26 1 

KS$03 7 
Sorghwn 

Grain 5.0 0 Pioneer 87G57 6.77 
Stover 

Wheat 

Ephra1a, WA 2007 Forage 2.21 l 
WA$20 Winter Wheat; Hoy 

II Stevens 
5.0 0 

Grain 
6.64 

Straw 

Bernard, TX 2007 Forage 
2.24 1 0 

TX$19 Winter wheat; Hay. 
6 Fannin 

5.0 
Grain 

6.71 I 
Straw 

DP# 356315/MRlD No. 47520713 

Residues (ppm) 2
• 
6 

0.05 <0.05 

0.52 0.65 

0.49 0.40 

0.69 0.58 

0.17 0.17 

1.18 1.28 

0.88 1.06 

4.70 5.06 

0.40 0.28 

(0.041) s (0.039) l 

3.48 2.89 

0.31 0.34 

<0.05 <0.05 

1.56 1.39 

0.35 0.42 

<0.05 <O.OS 
2.07 2.37 

0.36 0.21 

<0.05 <0.05 

1.07 1.8 I 

3.05 2.29 

1.41 0.91 

2.60 7.19 

0.96 0.57 

0.49 0.80 

1.11 0.81 

0.29 0.41 

1.23 1.18 

3.10 2.65 

0.74 0.63 

1.00 1.11 

0.20 0.25 

2.20 1.93 

1.99 2.27 

3.09 3.09 

2.01 1.80 

2.72 2.76 
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TABLEC.3. Residue Data from Crop Field Tria Is with EndothaJI. 

Trial!D Total Rate 1 
Pill 

(City, State; Year) Zone Crop; Variety Matrix 
(days) 

ppm (Jb ae/A 

St, Johns, KS 2007 Forage 2.26 3 

KS$21 Winter Wheat; Hay 3.39 4 

5 
Jagger 

5.0 0 
Grain 

6.77 
Straw 

Velva. ND 2007 Forage 2.19 J 

ND$04 Spring Wheat; Hoy 3.29 4 

7 
Glenn 

5.0 0 
Grain 

6.58 
Straw 

Residues (ppm) 2• 
6 

0.84 0.89 

IJ1 1.62 

0.32 0.32 

1.49 1.38 

0.89 0.94 

2.24 2.09 

0.30 0.47 

1.52 0.61 
The rate IS expressed both m terms of the concentration m the 1rngat10n water (ppm) and the total amount (Jb ae/A) apphed. 
Expressed in acid equivalents. The lower ]eve! of method validation (LLMV) is 0.05 ppm. 

3 Harvested after only two applications. 
Harvested after only three applications. 

5 The raw data listed residues <LLMV for field com grain, but only for the grain samples from one test All other results are 
noted only as <0.05 ppm, i.e. <LLMV. 
3 The two results for each field trial represent two samples taken from a single plot, not two plots. 

TABLE C.4. Summary of Residue Data from Cereal Field Trials with Endothall. 

Total Applie. Pill 
Residue Levels (ppm) 2 

Commodity 
Rate 1 (days) Min. Max. HAFT 3 Median Mean Std. Dev. " (STMdR) (STMR) 

Sweet Com 

K+CWHR 5ppm 0 2 0.05 0.17 0.17 O.ll 0.1\ 0.085 

Forage w/o ears (6. 75..{;.91) 0 2 0.585 1.23 1.23 0.908 0.908 0.456 

Forage w/ears 0 2 0.445 0.97 0.97 0.708 0.708 0.371 

Stover w/ears 0 2 0.635 4.88 4.88 2.758 2.758 3.002 

Field Corn 

Forage 5 ppm 
(2.26-3.38) ~ 0 4 0.285 0.385 0.385 0.334 0.334 0.041 

Grain 5 ppm 0 4 0.04 0.05 0.05 0.05 0.05 0.005 

Stover (6. 75-7.10) 0 4 1.44 3.19 3.19 2.08 2.08 0.82 

Sorghum 

Forage 5ppm 
(2.26-3.38) 4 0 3 0.35 2.67 2.67 1.262 1.262 1.237 

Grain 5 ppm 0 3 0.645 1.21 1.21 1.00 1.00 0.311 

Stover (6.77) 0 3 0.96 4.90 4.90 2.91 2.91 1.97 

Wheat 

Forage 5 ppm 0 4 0.685 2.13 2.13 1.15 J.l5 0.662 

H•y (2.19-3.39) 4 
0 4 1.055 3.09 3.09 1.94 1.94 0.89 

Grain 5ppm 0·1 4 0.32 1.91 1.91 0.71 0.71 0.800 

Stmw (6.58-6.77) 0·1 4 1.07 2.74 2.74 1.83 1.83 0.74 

AGF I 20.3 20.3 20.3 20.3 20.3 NIA 
The value m parentheses 1S the total apphcatwn rate m terms of lb ae!A. 

2 Residues are expressed in terms of the free acid. The LOQ is 0.05 ppm. For all calculations, the LOQ was used for all values 
reported $LOQ. 

1 HAFT"" Highest Average Field TriaL 
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~ Field com forage, sorghum forage, and wheat forage and hay were hMvested after only two or three applications. 

D. CONCLUSION 

The available field trial data are adequate with respect to the following cereal grain commodities: 
all sweet corn commodities; field com grain and stover; sorghum grain and stover; and wheat 
grain and straw. The data support the use of endothall-treated water for irrigation of cereal 
grains, except rice. The data support the use of endothall in irrigation water at a concentration of 
5 ppm ae, with no more that six applications per season, and a minimum 7-day interval between 
applications to the water. Residues on cereal crops are detennined at a 0-day PHI. 

However, the residue data on field corn forage, sorghum forage, and wheat forage and hay are 
not adequate because these commodities did not receive all six possible applications prior to 
harvest. Separate plots should have been set up using earlier applications of endothall-treated 
water in order to allow for all six applications to be applied prior the normal harvest of these 
commodities. 
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Primary Evaluator ?;.} ~ Date: 5 June 2009 

Approved by 

David Soderberg, C emist, ED, BV 
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William Donovan, Senior Scientist, HED, 
RABV 

Date: 5 June 2009 

This DER was originally prepared under contract by Dynamac Corporation ( 191 0 Sedwick Road, 
Building 100, Suite B, Durham, NC 27713; submitted 4/l/2009). The DER has been reviewed by the 
Health Effects Division (HED) and revised to reflect current Office of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

47520713. Arsenovic, M. (2008) Endothall (Hydrothol191): Magnitude of the Residue on Grain 
Cereal Group (Except Rice): Lab Project Number: Z9768. Unpublished study prepared by 
Interregional Research Project No. 4. 590 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No.4 (IRA) submitted com, sorghum and wheat processing 
studies reflecting the exposure of these crops to endothall through the use of treated irrigation 
water. For each study, separate field trials were conducted during the 2007 growing season on 
field corn in IL (Zone 5), grain sorghum inKS (Zone 7), and wheat in TX (Zone 6). For each 
field trial, a 2.0 lb ae/gal soluble concentrate (SCIL) formulation of endothall (monoamine salt) 
was used to treat the irrigation water at a rate of 5 ppm ae. [In order to avoid the complications 
of different molecular weights for different salts, endothall concentrations are expressed as the 
free acid equivalents (ae).] The treated water was then applied using overhead sprinklers to each 
crop as six broadcast foliar applications during grain development and maturation at retreatment 
intervals (RTis) of6-8 days. A volume equivalent to 1 acre inch of water (-27,154 gaVA) was 
applied for each application. Based on the concentration of the endothall in the irrigation water 
and the amount of water applied, the application rate for endothall was equivalent to 1.12-1.13lb 
ael A/application. The total seasonal application rate was 6.77 lb ae/ A for the field corn and 
sorghum trials and 6.7llb ae/A for the wheat trial. 

Single bulk control and treated samples of mature grain were harvested from each crop at normal 
maturity, on the day of the last irrigation (0 day after treatment, DAT). The grain samples from 
each crop were processed using simulated commercial procedures. The corn grain was 
processed into grits, meal, flour and oil by dry-milling and into starch and oil by wet-milling. 
The sorghum was processed by dry-milling into flour. The wheat grain was initially cleaned to 
generate aspirated grain fractions (AGF) and was then milled into germ, bran, middlings, shorts 
and flour. Samples of each grain, AGF and each processed fraction were stored at :S-1 0°C for up 
to 79 days prior to analysis. The sample storage intervals and conditions are supported by the 
available storage stability data. 
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Residues of endothall (free acid) inion cereal grains, wheat AGF, and each processed fraction 
were detennined using an adequate LC/MS/MS method (Method No. KP-242Rl). With the 
exception of corn oil, residues were extracted with water and then derivatized with heptafluoro~ 
p-tolylhydrazine (HFTH) in 50% H3P04. Oil samples were diluted with water and partitioned 
against hexane, and the remaining aqueous soluble residues were then derivatized with HFTH. 
The derivatized residues from each matrix were cleaned up by partitioning into methyl t~butyl 
ether (MTBE) followed by elution through an amine solid phase extraction (SPE) cartridge. 
Residues were then analyzed by LC/MS/.MS using external standards for quantitation. 

In the corn grain processing study, endothaJl residues were <0.05 ppm {<LOQ) inion the corn 
grain (RAC) and all its processed fractions. Although processing factors could not be 
determined for any processed corn fractions, there was no indication of endothall residues 
concentrating in processed corn commodities. 

In the sorghum processing study, endothall residues were 1.49 ppm inion sorghum grain (RAC) 
and 1.09 ppm in sorghum flour, indicating that residues were reduced in flour by 0.7x. 

In the wheat processing study, endothall residues were 1.34 ppm inion the bulk sample of grain 
and 20.3 ppm inion the com posited AGF sample, for a concentration factor of 15x for wheat 
AGF. Following processing, endothall residues were 3.44 ppm in germ, 3.10 ppm in bran, 1.14 
ppm in middlings, 0.75 ppm in flour, and 1.81 ppm in shorts. The resulting processing factors 
were 2.6x for gern1, 2.3x for bran, 0.9x for middlings, 0.6x for flour, and 1.4x for shorts. 

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS: 

Under the conditions and parameters used in the study, the corn, wheat and sorghum processing 
studies are classified as scientifically acceptable. The acceptability of this study for regulatory 
purposes is addressed in the forthcoming U.S. EPA Residue Chemistry Summary Document, 
DP# 356315. 

COMPLIANCEo 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUND INFORMATION 

Endothall [7~oxabicyclo[2,2,1] heptane-2,3~dicarboxylic acid] is a selective contact herbicide, 
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class. 
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and amine 
(PC Code 038905) salts are registered primarily as aquatic herbicides for the control a variety of 
plants in water bodies, including irrigation canals. They are also registered for desiccation! 
defoliation of alfalfa/clover (grown for seed only), cotton, and potatoes prior to harvest, and for 
reduction of sucker branch growth in hops. Pennanent tolerances are established for the 
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combined residues of endothall and its monomethyl ester at 0.1 ppm in/on cotton seeds, fish, 
dried hops and potatoes, and at 0.05 ppm inion rice grain and straw [ 40 CFR § 180.293(a)(l )]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419), 
IR-4 has submitted a processing studies for field corn, sorghum and wheat reflecting irrigation of 
these crops with endothall-treated water. The chemical structure and nomenclature of endothall 
and its monoamine salt are listed in Table A.l. The physicochemical properties of technical 
grade endothall and its monoamine salt are listed in Table A.2. 

Table A.J. Nomenclature of Endothall and its Monoamine Salt 
Chemical Structure 0 

c OH 

OH 

0 
Common name En do thai! 
Molecular Formula CsHmO 
Molecular Wei ht 186.16 
IUPAC name 7-oxabicyclo[2.2.1 heptane-2,3-dicarboxylic acid 
CAS name 7-oxabicyclo(2.2.1 heptane-2,3-dicarboxylic acid 
CAS# 145-73-3 
PC Code 038901 
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed 
Registration 
Chemical Structure 0 

c - H,c 
0 \ . 
OH 1

N-CHln)CH3 

H,C 

0 {n=7-17) 

Common name Endothall, mono-N,N-dimethylalkyl amine salt 
Molecular Formula Not available 
Molecular Wei ht Avera e: 422 
lUPAC name 7-oxabicyclo 2.2.1 heptane-2,3-dicarboxylic acid, compound with N,N-dimethylcocoamine 
CAS name Not available 
CAS# 66330-88-9 
PC Code 038905 
Current Food/Feed Site Cotton, hOps, potato, alfalfa grown for seed, aquatic uses 
Re~<.istration 
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' 
Water solubility at 

pressure 

B. EXPERIMENTAL DESIGN 

B.1. Application and Crop Information 

In three field trials conducted in IL, KS and TX during 2007, separate fields of field corn, 
sorghum and wheat were irrigated with endothall-treated water using overhead sprinklers (Table 
B.l.l). The inigation water was treated with endothall (2.0 lb ae/gal SC/L monoamine salt) at a 
concentration of -5 ppm, acid equivalent. Each cereal grain crop was irrigated six times during 
seed head formation and development at RTis of6-8 days. A volume equivalent to -1 acre inch 
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of water (27,154 gal/A) was applied for each irrigation. Based on the concentration of the 
endothall in the irrigation water and the amount of water applied, application rate for endothall 
was equivalent to 1.12-1.13 lb ae/ A/application, for a total of 6. 7-6.77 lb ae/A/season (Ix target 
rate). 

TABLE B.l.l. Study Use Pattern. 

Location 
End-Use 

Application Information 
(City, State; Year) 

Product Method 1
; Timing Concen. 1 Volume Single Rate RTIS Total Rate 

TriaiiD (gall A) 3 (lb ae/A) 4 (days) (lb ae/A) • 

Corn Field Trial 

Sparta, IL 2007 
2.0 lb ae/gal 

Six broadcast foliar 
IL$09 

SCIL 
applications from 13-14 5.0 27,154 1.13 6-8 6.77 
true leaves 

Sorghum Field Trial 

Lamed, KS 2007 Six broadcast foliar 
KS$03 2.0 lb ae/gal applications from early 5.0 27,161 1.13 6-7 6.77 

SC/L dough (BBCH 83) to 
maturity (BBCH 89) 

Wheat Field Trial 

Bernard, TX 2007 Six broadcast foliar 
TX$19 2.0 lb ae/gal applications from end of 5.0 

26,926-
Lt2 6-8 6.7t 

SCIL flowering (BBCH 69) to 26,938 
maturity (BBCH 89) 

All apphcauons were made usmg overhead spnnkler systems. 
2 The concentration of endothall (in acid equivalents) in the irrigation water. No adjuvants were included in the irrigation water. 
3 The target irrigation rate was I acre inch of water or 27,154 gal/A 

The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae), the application 
volume and plot size. 

s RTI = Retreatment Interval. 

B.2. Sample Handling and Processing Procedures 

Single control and treated bulk samples of corn grain ( -300 lb/sample), sorghum grain (-50 
lb/sample), and wheat grain (472-6151b/sample) were harvested at 0 DAT. The grain samples 
were stored frozen at the field sites and shipped 7-21 days later by ACDS Freezer truck to the 
processing facility, GLP Technologies (Navasota, TX), where the samples were stored at .:5-12"C 
until processing. Processing of each grain sample was completed within 23-52 days of harvest. 

For corn grain, the bulk samples were dried and cleaned by aspiration and screening, but no AGF 
sample was collecteQ. The cleaned corn grain was dry~milled iri grits, meal, flour, bran and 
germ, and the germ was then extracted for oil (Figure B.l). A separate subsample of corn grain 
was also wet-milled into starch and germ, with the germ being extracted for oil. 

The bulk samples of sorghum grain were dried and cleaned by aspiration and screening, but no 
AGF sample was collected. The cleaned grain was then processed into flour by dry-milling 
(Figure B.2) 

The bulk sample of wheat grain also cleaned by aspiration and screening, and the resulting AGF 
was separated into the following particle size classes: <425 !liD, >425 J.lm, 850 J.lm, 1180 !illl, 
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>2000 !J.m, and >2360 IJID (Figure B.3). The fractions <2360 J.liD were recombined to form the 
AGF sample. The cleaned wheat grain was then milled into the following fractions: germ, 
middlings, bran, flour and shorts (Figure 8.4). 

Following processing, the samples of grain, AGF and each processed fraction were transferred to 
frozen storage (:S~ l2°C). The frozen samples were shipped, 2-7 days after processing, by 
overnight courier on dry ice to the analytical laboratory, United Phosphorus, Inc. (King or 
Prussia, PA), where the samples were stored at 5-l8°C until analysis. 

FIGURE B.!. Processing Flowchart for Field Corn 

Sample # 2 tTmatfd, Trt. 02) 
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Scto .... n~ J.llO lARGE SC~EENINGS I .2.3.,1b!. SMALL SCR£ENINGS 

CLEANED CORN ,2Ml&_lb~. 

Claantd Ccm Wei Milled 128.7 lbs 

I 
5~<>~p;,., .12!illlbs. '141M (IQ'cled 

I 
O.o;r."!! STEEPWATER ..ll_gat 

i I 
SliH!pod Com Solubl~ from ste<:P<Il9~ I .. !2l1&Jb!l. a1._1b&. 

o..g..rm~ ... SOIIOIIOloq, 
Sa<>MiO!J, >nO W:lltl W .. hi>Q 

I ~lb$. flBER" 86.91bs. STARCH' I L~_lbs. GLUTEN' 2£.,1bs. GERM 

Fl>lo"9. C~i~"""ll- Germ pressed lllln. 
S E>FCI•"''l Wa!Bt added .2fillg 
f-.~:---== 

CRUDE OIL 
.ill.o 

S .. EXT. GERM FLAKES 
12.0 lbs. 

CRUOE OIL PRESSCAKE .. 5 .. 9Jlis_ 

! 637 g /""'~:_:j €"'"""'"' ' 
Jl1!.g Relined .l2..i.g NaOH 31.16ed 

REFINED OIL 
Ji!.Lo 
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FIGURE B.2. Processing flowchart for Grain Sorghum 

Sample# 2 (Trtatod. Trt. D2) 

GRAIN SORGHUM ~ .. 3,.1bs. 

I 
Dr)'l.'>Q ..JMibs-. aherdl)'!ng 
I 

A'?''"'"~ __J,2!bl'i. UGHT IMPURITIES 
I 

10,_3_g. LARGE SCREENINGS 
_3.lllbs. SMALL SCREENINGS 
JZ.Zjbs. CLEANEO SEED 

---~-.-=~~-=~~~~ 
BRAt(QL!bs BREAK FLOUR ~lbs REDUCTION FLOUR _1..2_1tJs 

_j 

I 
..a.;Lib& COMBINED FLOUR 

~ lbs. Waste maleri&l 

FIGURE B.3. Processing flowchart for Wheat Aspirated Grain Fractions. 
COMMODITY __1ZZL!bs. 

I 
D!)'<v .... .nla . .Jbs. (no drying) 

I I 471.7 lbs. used forgenaralion 

Mp;t»>II.1 .....Q.Z._Ib$. 

I 
D»•'"""co""" 

~ASPIRATED GRAIN FRACTION> 2360 mloro" _j§,llg 

~
ASPIRATED GRAIN FRACTION> 200D micron ....zJ.!.1} 

ASPIRATED GRAIN FRACTION> 1180 micron __!_,_!tg 

ASPIRATED GRAIN FRACTION:> 850 micron ___QL_g 

t SPIRATED GRAIN FRACTION >425 micron> ...L2...9 

ASPIRATED GRAIN FRACTION <42!5 micron ~ 

RECOMBINATION 

DP# 356315/MRJD No. 47520713 

.l..Q....g < 2360 micron and > 2000 mftron 

..J1i.g > 1180 micron> 
JJ.:Lg > 850 mk:roo 
~ > 425 micron 
;ID...Z:g < 425 micron 

ASH CONTENT: .Jt:t% 



Endothall/038901/Interregiona[ Research Project No.4 
DACO 6.4, 7.4, 7.8/0PPTS 860.1400/0ECD IliA 8.4.3 and lilA 83 
Water, Fish, and Irrigated Crops- Corn, Wheat and Sorghum processing studies 

FIGURE B.4. Processing Flowchart for Wheat Grain. 

Sample # 2 {Trt. 02. Treated) 

WHOLE WHEAT 171.2 lbs. 
I 

No Dl)i·.g ~Quitu<! 

I 
Mplratfll _lllbs. liGHT IMPURITIES 

I 
s.::,<OI',,..,(I _Q...§Jbs. LARGE SCREENINGS 

1 M..2_lbs... SMALL SCREENJNGS 

GERM RECOVERY- ----MILLING 

200.0 lbs. used 
..1M..Ibs. water added 

Cond<!.lonlr.;;l & ROOO\>OI'Y 

I 
GERM 
llJilbs 

I 
BREAK FLOUR 

.5...9..lbs. 

I 

1
20.0 lbs. used 
~ g water added 

MIDDUNGS BRAN 
lUJbs. M..lbs 

I !SJ:R>~ ...... ~"'''"'""FIIO ! 
r-----'"-"""_·00.-i Si~nv) ::~~0 

REDUCTION FLOUR SHORTS BRAN 
J&Q.Ib$. ..:U.Ibs. .li,lbs. 

Reduction and Break Flour combined to produce ...B.lllbs of Flour 

B.3. Analytical Methodology 

Residues of endothall (free acid) in/on cereal grain and cereal grain processed fractions were 
determined using a LC/MS/MS method (Method No. KP-242Rl) entitled "Analytical Method for 
Determination ofEndothall in Crops", issued 5/4/2007. 

With the exception of corn oil, residues were extracted twice by homogenization with water 
followed by centrifugation and filtering. For corn oil, the sample was mixed with water and 
partitioned three times against hexane, discarding the hexane phases. The aqueous soluble 
residues from each fraction were then derivatized with HFTH in 50% H3P04 at 1 OO-I20°C for 90 
minutes. After cooling, the derivatized residues were then partitioned into MTBE, evaporated to 
dryness, and reconstituted in hexane:MTBE (1: I v/v). Residues were next cleaned using an 
amine SPE cartridge eluted with methanol:MTBE (4:1 ,v/v). Residues were analyzed by 
LC/MS/MS using external standards. The m/z 397--+166 ion transition was used for quantifying 
residues. Residues are expressed in endothall acid equivalents. The validated LOQ for endothall 
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inion each commodity is 0.05 ppm. An LOD of0.00001 ppm was reported; however, this value 
was the instrument LOD, rather than the LOD of residues in a control matrix. 

For method validation, control samples of com grain and flour and wheat grain and bran were 
each fortified with endothall at 0.05-5.0 ppm and control samples of wheat AGF were fortified 
with endothall at 0.05-20 ppm. For concurrent recoveries, control samples of the various 
commodities were fortified with endothall at 0.05A.O ppm. 

C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for determining residues of endothall inion cereal grains, 
processed fractions, and wheat AGF was adequately validated prior to and in conjunction with 
the analysis of processing study samples. Average method validation recoveries (±SO) were 88 
± 6% for corn grain, 78 ± 9% for corn flour, 78 ± 3% for wheat grain, 79± 6% for wheat bran, 
and 80 ± 9% for wheat AGF (Table C.l). Average concurrent recoveries were 73-87% from 
com commodities, 75-78% from sorghum commodities, and 74-78% from wheat commodities. 
Apparent residues of endothall were <LOQ inion control samples of each matrix, with the 
exception of wheat AGF. The control sample of wheat AGF had apparent endothall residues at 
0.105 ppm. Adequate sample calculations and example chromatograms were provided, and the 
fortification levels used for the method recoveries were similar in magnitude to the measured 
residue levels. 

Samples were stored at <-l8°C for up to 79 days prior to analysis (Table C.2). Adequate storage 
stability data are available indicating that endothall is stable for up to 465-469 days in frozen 
tomatoes, lettuce, com grain and sugar beet roots and up to 316 days in frozen soybeans 
(47520719.der, under review). These stability data will support the storage durations and 
conditions for the cereal grain processing studies. 

Following six overhead sprinkler applications of endothall (monoamine salt) to field corn at rates 
totaling 6. 77 lb ae/A, residues in whole grain (RAC) were <0.05 ppm at 0 OAT, and the residues 
were also <0.05 ppm in all the resulting processed fractions (Table C.3). Although processing 
factors could not be determined for any processed corn fractions, there was no indication of 
endothall residues concentrating in processed corn commodities. 

Following six overhead sprinkler applications ofendothall (monoamine salt) to grain sorghum at 
rates totaling 6.77lb ae/A, residues were 1.49 inion whole grain (RAC) harvested at 0 OAT. 
Residues were 1.09 ppm in flour, indicating that residues were reduced by 0.7x in sorghum flour. 

Following six overhead sprinkler applications of endothall (monoamine salt) to wheat at rates 
totaling 6.7llb ae/A, residues were 1.34 inion the bulk sample of wheat grain (RAC) harvested 
at 0 OAT. After cleaning and aspiration of the grain, residues in the composited sample of AFG 
were 20.3 ppm. Residues concentrated by l5x in the AGF sample indicating that endothall 
residues occur primarily as surface residues on wheat grain. Following processing, endothall 
residues were 3.44 ppm in wheat germ, 3.10 ppm in bran, 1.14 ppm in middlings, 0.75 ppm in 
flour, and 1.81 ppm in shorts. The resulting processing factors were 2.6x for germ, 2.3x for bran, 
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0.9x for middlings, 0.6x for flour, and 1.4x for shorts. The higher concentration of residues in 
wheat bran and germ are further evidence that endothall residues were primarily associated with 
the outer surface of the grain. 

TABLE C.l. Summary of Method Validation and Concurrent Recoveries ofEndothall from Cereal 
Grains. 

Crop Matrix Spike Level Sample Size Recoveries Mean ± Std. Dev. 
(ppm) (n) (%) (%) 

Method Validation 

Corn 0.05 3 96,81,93 90± 8 

Grain 
0.5 3 80, 92, 90 87=6 

5.0 3 88, 86, 83 86±3 

Total 9 80-96 88±6 

0.05 3 72, 71, 77 73 ± 3 

Flour 
0.5 3 85, 74, 74 78±6 

5.0 3 79, 73, 99 84 ± 14 

Total 9 71-99 78:!:: 9 
Wheat 0.05 3 75, 76, 73 75 ... 2 

Grain 
0.5 3 76, 72, 72 73 ±2 

5.0 3 83, 73, 77 78± 5 

Total 9 72-83 75 ±3 

0.05 2 79, 100 90 
0.5 2 80, 81 81 

AGF 5.0 2 74,73 74 

20 3 75, 73, 88 79±8 

Total 9 73-100 80 ±9 

0.05 3 84,91,83 86 ±4 

Bmn 
0.5 3 78, 79,71 76±4 

5.0 3 74, 77, 76 76 ±2 

Total 9 71-91 79 :!:6 

Concurrent Recoveries 

Corn Grain 
0.05 I 72 

77 
0.2 I 81 

Oil 
0.05 I 71 73 
0.5 I 74 

Grils 
0.05 I 73 87 
1.0 I 101 

Meal 
0.05 I 72 74 
0.5 I 76 

Sorghum 
Grain 

0.05 I 77 75 
1.0 I 72 

Flour 
0.05 I 79 

78 
1.0 I 76 
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TABLE C. I. Summary of Method Validation and Concurrent Recoveries of Endothall from Cereal 
Grains. 

Crop Matrix Spike Level Sample Size Recoveries Mean± Std. Dev. 
(ppm) (o) (%) (%) 

Wheat 
Grain 

0.05 4 71 
74 

1.0 I 77 

Middlings 
0.05 I 79 

78 
2.0 I 77 

Flour 
0.05 I 73 

74 
0.5 I 74 

Germ 
0.05 I 73 

74 
3.0 I 75 

Shorts 
0.05 I 77 

75 
4.0 I 73 

Standard devJatJOns are calculated for data sets havmg 2:3 values. 

TABLE C.2. Summary of Storage Conditions. 

Matrix Storage Temperature Actual Storage Duration Interval of Demonstrated 
("C) (days)1 Storage Stability (days)2 

Sorghum grain and flour 26 
Wheal grain 79 

Wheat middlings, bran, flour, :5-10 34-45 306-466 
shouts and germ 

Com grain, grits, meal, flour, 22-37 
starch, and oil 

' Interval from harvest to extractiOn for analysJs. Extracts were stored up to 10 days pnor to analys1s. 
2 Endothall is stable under frozen conditions for up to 465 days in com grain and 305 days in soybean seed and oil 

(47520719.der, under review). 

TABLE C.3. Residue Data from Grain Processing Studies with Endothall Monoamine Salt {SC/L). 

Crop Commodity 
Total Rate 1 PHI Residues 2 Processing 

ppm lb ae/A (days) (ppm) Factor 

Field Com Grain (RAC) <0.05 .. 
Grits <0.05 NC 
Meal <0.05 NC 
Flour 5.0 6.77 0 <0.05 NC 
Starch <0.05 NC 
Oil, refined (wet milled) <0.05 NC 
Oil, refined (dry milled) <0.05 NC 

Sorghum Grain (RAC) 
5.0 6.77 

1.49 .. 
0 

Flour 1.09 0.7x 
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TABLEC.3. Residue Data from Grain Processing Studies with Endothall Monoamine Salt (SC/L). 

Crop Commodity 
TO!al Ra!e 1 PHI Residues 2 Processing 

ppm lb ae!A (days) (ppm) Factor 

Wheat Grain (RAC) 1.34 '" 

AGF 20.3 4 l5x 

Brnn 3.10 2.3x 
Middlings 5.0 6.71 0 l.l4 0.9x 
Flour 0.747 0.6x 

Shorts 1.81 1.4x 

Gonn 3.44 2.6x 
The rate ts expressed both m tcnns of the concentratton tn the trngatton water (ppm) and the total amount (lb ae/A) appltcd. 

2 Expressed in acid equivalen!s. The LOQ is 0.05 ppm for each commodity. 
3 Average of two samples (2.01 and 1.80 ppm). 
4 Average oflhree analyses on a single sample. 
NC"" not calculated, as residues were <LOQ in the RAC and all processed fractions 

D. CONCLUSION 

The cereal grain processing studies are adequate. Although residues were <LOQ inion com 
grain, endothall residues did not appear to concentrate in any corn grain processed fractions. For 
sorghum, endothall residues were reduced in flour (0.7x). For wheat, endothall residues were 
shown to concentrate substantially in AGF (15x) and to lesser extent in bran, germ and shorts 
(1.4x-2.6x). Residues were reduced in both wheat middlings and flour (0.6x-0.9x). 
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Primary Evaluator 

Approved by 

This DER was originally prepared under contract by Dynamac Corporation (1910 Sedwick Road, 
Building 100, Suite B, Durham, NC 27713; submitted 3/31/2009). The DER has been reviewed by the 
Health Effects Division (HED) and revised as needed for clarity, correctness and to reflect current Office 
of Pesticide Programs (OPP) policies. 

STUDY REPORT: 

47520715. Arsenovic, M. (2008) Endotha!l (Hydrotholl91): Magnitude of the Residue on 
Animal Feed Nongrass Group: Lab Project Number: Z9756. Unpublished study prepared by 
Interregional Research Project No.4. 226 pages. 

EXECUTIVE SUMMARY: 

Interregional Research Project No.4 (IR~4) submitted field trial data reflecting the exposure of 
alfalfa to endothall through the use of treated irrigation water. In two alfalfa field trials 
conducted during 2007 in Zones 5 and 7, a 2.0 lb ae/gal soluble concentrate (SC/L) formulation 
of endothall (monoalkylamine salt) was used to treat the irrigation water at a rate of 5 ppm ae. 
[In order to avoid the complications of different molecular weights for different salts, endothall 
concentrations are expressed as the free acid equivalents (ae ).] The treated water was applied to 
the alfalfa during vegetative development as six broadcast foliar applications using overhead 
sprinklers, at retreatment intervals (RTis) of6-8 days. A volume equivalent to ~I acre inch of 
water (27,000 gal/A) was applied for each application. Based on the concentration of the 
endothall in the irrigation water and the amount of water applied, the application rates for 
endothall were equivalent to 0.99-1.1 0 lb ae/ A/application, for a total of 5.94~6.58 lb 
ae/A/season. 

Duplicate control and treated samples of alfalfa forage and hay were harvested from each test on 
the day of the final application (0 days after treatment, DAT), and the hay samples were field
dried for 1 ~5 days prior to collection. After collection, samples were stored at :S-18°C for up to 
83 days prior to analysis. Adequate storage stability data are available to support the duration 
and conditions of sample storage. 

Residues of endothall (free acid) inion alfalfa forage and hay were determined using an adequate 
LC/MS/MS method (Method No. KP-242Rl). For this method, residues were extracted with 
water and then derivatized with heptafluoro-p-tolylhydrazine (HFTH) in 50% H3P04• The 
derivatized residues were cleaned up by partitioning into methyl t-butyl ether (MTBE) and 
elution through an amine solid phase extraction (SPE) cartridge. Residues were then analyzed 
by LC/MS/MS using external standards for quantitation. Residues are expressed in endothall 
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acid equivalents. The validated limit of quantitation (LOQ) for endothall inion forage and hay is 
0.05 ppm. 

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm 
(5.94-6.58lb ae/A/season), endothall residues were 1.41-2.24 ppm inion four forage samples and 
3.09-5.31 ppm inion four hay samples harvested at 0 DAT. Average endothall residues were 
1.95 ppm for forage and 4.57 ppm for hay, and the highest average field trial (HAFT) residues 
were 2.12 ppm for forage and 4.93 ppm for hay. No residue decline data were provided. 

STUDY/WAIVER ACCEPTABILITY/DEFICIENCIES/CLARIFICATIONS: 

Under the conditions and parameters used in the study, the alfalfa field trial residue data are 
classified as scientifically acceptable. Although limited field trials were performed, these 
applications are expected to be conservative relative to actual inadvertent applications. The 
acceptability of this study for regulatory purposes is addressed in the forthcoming U.S. EPA 
Residue Chemistry Summary Document, DP# 356315. 

COMPLIANCE: 

Signed and dated Good Laboratory Practice (GLP), Quality Assurance and Data Confidentiality 
statements were provided. No deviations from regulatory requirements were reported which 
would have an adverse impact on the validity of the study. 

A. BACKGROUND INFORMATION 

Endothall [7-oxabicyclo[2,2, 1] heptane-2,3-dicarboxylic acid] is a selective contact herbicide, 
defoliant, desiccant, and aquatic algicide that belongs to the dicarboxylic acid chemical class. 
The free acid of endothall (PC Code 038901) and its dipotassium (PC Code 038904) and 
alkylamine (PC Code 038905) salts are registered primarily as aquatic herbicides for the control 
a variety of plants in water bodies. , including irrigation canals. They are also registered for 
desiccation/ defoliation of alfalfa/clover (grown for seed only), cotton, and potatoes prior to 
harvest, and for reductiOn of sucker branch growth in hops. Permanent tolerances are established 
for the combined residues of endothall and its monomethyl ester at 0.1 ppm inion cotton seeds, 
fish, dried hops and potatoes, and at 0.05 ppm inion rice grain and straw [ 40 CPR 
§ 180.293(a)(l)]. 

In conjunction with a petition for tolerances on a wide variety of irrigated crops (PP# 8E7419), 
IR-4 has submitted field trial data reflecting irrigation of alfalfa with endothall-treated water. 
The chemical structure and nomenclature of endothall and its monoalkylamine salt are listed in 
Table A.l. The physicochemical properties of technical grade endothall and its monoalkylamine 
salt are listed in Table A.2. 
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Table A.1. Nomenclature ofEndothali and its Monoalk !amine Salt. 
Chemical Structure 0 

( OH 

OH 

0 
Common name Endothal! 
Molecular Formula CsHroOs 
Molecular Wei t 186.16 
IUPAC name 7-oxabicyc!o 2.2.1 he tane-2,3-dicarbox lie acid 
CAS name 7-oxabicyclo 2.2.1 heptane-2 -dicarbox lie acid 
CAS# 145-73-3 
PC Code 038901 
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed 
Registration 
Chemical Structure 0 

c - H,c 
0 \ , 

OH 1
N-CHz(n)CH

3 

H,C 

0 (n=7-17) 

Common name Endothall, mono-N,N-dimcthylalkyl amine salt 
Molecular Formula Not available 
Molecular Wei t Avera e: 422 
IUPAC name 7-oxabicyclo 2.2.llheptane•2,3-dicarboxvlic acid, com ound with N,N-dimeth lcocoamine 
CAS name Not available 
CAS# 66330-88·9 
PC Code 038905 
Current Food/Feed Site Cotton, hops, potato, alfalfa grown for seed, aquatic uses 
Registration 
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B. EXPERJMENTAL DESIGN 

B.l. Study Site Information 

Two alfalfa field trials were conducted in Zones 5 and 7 during 2007 (Table B.l.l). The 
irrigation water used in each test was treated with endothall (2.0 lb ae/gal SC monoalkylamine 
salt) at a concentration of -5 ppm, acid equivalent. The treated water was applied to the alfalfa 
during vegetative development as six broadcast foliar applications using overhead sprinklers, at 
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RTis of6~8 days. A volume equivalent to ~1 acre inch of water (~27,154 gal/A) was applied for 
each application. Based on the concentration of the endothall and the amount of water applied, 
application rates for endothall were equivalent to 0.99-l.l 0 lb ae/ A/application, for a total of 
5.94-6.58lb ae/Aiseason (Table B.l.3). These applications are expected to be conservative 
relative to actual applications. 

TABLE B.l.l. Trial Site Conditions. 

Trial Identification (City, Stare; Year) 
Soil characteristics1 

Type %OM pH CEC (meqll OOg) 

Velva, ND 2007 Lorun 3.2 5.6 17.8 
ND$20 

Tilden, IL 2007 Silt 2.8 5.6 10.8 
IL$30 

' These parameters are optiOnal except m cases where the1r value affects the use pattern for the chemiCaL 

TABLE B.1.2. Water Characterization. 

Study site 
Water characteristics 

Type Hardness/Salinity pl-I Turbidity Dissolved OM 

Velva, ND 2007 Well NR NR NR NR 
ND$20 

Tilden, IL 2007 i City water NR NR NR NR 
IL$30 

NR not reported. 

The actual temperature recordings and rainfall were typical for each site and no unusual weather 
conditions were reported. No irrigation was reported during the study period. The tests were 
conducted according to normal agricultural practices for the regions, and information was 
provided on maintenance pesticides and fertilizers used at each site. No infonnation was 
provided on the characteristics of the water used for irrigation, other than the source (Table 
B.l.2). 

TABLE B.1.3. Study Use Pattern. 

Location End-Use 
Application Information 

(City, State; Year) Product Method; Timing Concen. 1 Volume Single Rate RTI 4 Total Rate 
Trial ID (gal/A) 2 (lb ae/ A) 3 (days) (lb ae/A) 3 

Velva, ND 2007 Six broadcast foliar 
ND$20 2.0 lb aelgal 

application during 

SCIL 
vegetative development 5.0 26,365 1.10 7 6.58 
using overhead 
sprinklers. 

Tilden, IL 2007 Six broadcast foliar 
IL$30 2.0 lb ae/gal application during 

SCIL 
vegetative development 5.0 21,679 0.99 6-8 5.94 
using overhead 
sprinklers. 

The concentration of endothall (m ac1d equ1valents) m the 1rngatwn water. No adJuvants were mcluded m the Jmgauon water. 
2 The target irrigation rate was I acre inch of water or 27,154 gal/A. 
3 The equivalent field use rates were calculated by the reviewer based on the concentration of the endothall (ae), the application 

volume and plot size. 
4 RTI = Retreatment IntervaL 
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TABLE B.l.4. Trial Numbers and Geographical Locations. 

NAFT A Growing Zone:? Alfalfa 

Submitted 
Canada 

I .. .. 

2 .. .. 

3 .. .. 

4 .. .. 
l I .. 
6 .. .. 
7 I .. 

8 .. .. 

9 .. .. 

10 .. .. 

I I .. .. 

12 .. .. 
13 .. .. 
Total 2 .. 

Based on EPA OPPTS Gu1dehne 860. J 500. 

Requested 1 

z The number in brackets indicates a 25% reduction required to support a crop group tolerance. 
1 Regions lA, 5A and 8, 7A and 14-21 are not included in this table as the proposed use is for the U.S. only. 

B.2. Sample Handling and Preparation 

U.S. 

I 

I 
. . 

.. 

6 
.. 

I 
. . 

I 

I 

I 

-
. . 

12rW 

Alfalfa forage and hay samples were cut at 0 DAT (after the sixth application). Duplicate treated 
and control samples of forage (?:2.0 lbs) were collected immediately after harvest and placed into 
frozen storage within 1 hour. The hay was allowed to field-dried for I-5 days prior to sampling. 
Duplicate control and treated samples of hay were then place in frozen storage within I hour of 
collection. Samples were stored frozen at the field sites for 10-16 days. Samples were then 
shipped by ACDS freezer truck to the analytical laboratory, Cerexagri, Inc. (King of Prussia, 
PA), and stored frozen (:S-18EC) prior to analysis. 

B.3. Analytical Methodology 

Residues of endothall (free acid) inion alfalfa forage and hay were determined using a 
LC/MS/MS method (Method No. KP-242RI) entitled "Analytical Method for Determination of 
Endothall in Crops", issued 5/4/2007. 

For this method, residues were extracted twice by homogenization with water followed by 
centrifugation and filtering. Residues were then derivatized with HFTH in 50% H;,P04 at 1 OO
I200C for 90 minutes. After cooling, the derivatized residues were partitioned into MTBE, 
evaporated to dryness, and reconstituted in hexane:MTBE (I: 1 v/v). Residues were then cleaned 
using an amine SPE cartridge eluted with methanoi:MTBE (4:1,v/v). Residues were analyzed by 
LC/MS/MS using external standards. The rnlz 397__, 166 ion transition was used for quantifying 
residues. Residues are expressed in endothall acid equivalents. The validated LOQ for endothall 
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in/on forage and hay is 0.05 ppm. An LOD ofO.OOOOl ppm was reported~ however, this value 
was the instrument LOD, rather than the LOD of residues in a control matrix. 

Control samples of forage and hay were fortified with endothall at 0.05-5.0 ppm for method 
validation and at 0.05-2.0 ppm for the concurrent recoveries. 

C. RESULTS AND DISCUSSION 

The LC/MS/MS method used for determining residues of endothall inion alfalfa was adequately 
validated prior to and in conjunction with the analysis of field trial samples. Average method 
validation recoveries(± SD) were 82 ± 7% for forage and 81 ± 9% for hay (Table C. I). Average 
concurrent recoveries (±SD) were 79 ± 9% for forage and 79 ± 4% for hay. Apparent residues of 
endothall were <LOQ inion all control samples. Adequate sample calculations and example 
chromatograms were provided, and the fortification levels used for the method recoveries were 
similar in magnitude to the measured residue levels. 

Forage and hay samples were stored at .5-l8°C for up to 66 and 83 days, respectively, prior to 
analysis (Table C.2). Adequate storage stability data are available indicating that endothall is 
stable in frozen lettuce, corn grain and sugar beet roots for up to 465 days (4 7520719.der, under 
review). These stability data will support the storage durations and conditions for the current 
alfalfa field trials. 

Following six overhead sprinkler applications with irrigation water containing endothall at 5 ppm 
(5.94-6.58lb ae/A/season), endothall residues were 1.41-2.24 ppm inion four forage samples and 
3.09-5.31 ppm inion four hay samples harvested at 0 DAT (Table C.3). Average endothall 
residues were 1.94 ppm for forage and 4.56 ppm for hay, and the HAFT residues were 2.12 ppm 
for forage and 4.93 ppm for hay (Table C.4). No residue decline data were provided. 

No phytotoxicity on the treated alfalfa was reported at either test site. Common cultural 
practices were used to maintain plants, and the weather conditions and maintenance chemicals 
and fertilizer used in this study did not have a notable impact on the residue data. 

TABLE C.l. Summary of Method Validation and Concurrent Recoveries of Endothall from Alfalfa. 

Matrix Spike Level Sample Size Recoveries Mean± Sid. Dev. 
(ppm) (o) (%) (%) 

Method Validation 

0.05 3 71, 80,80 77 ± 5 

0.5 3 96,83,83 87± 8 
Forage 

5.0 3 85, 81, 76 81 ± 5 

Total 9 71-96 82±7 

0.05 3 74, 96, 87 86± II 

0.5 3 94, 78, 75 82 ± 10 
Hoy 

5.0 3 79, 77, 71 76± 4 

Total 9 71-96 81 ±9 

DP# 356315/MRID No. 47520715 Page 7 of9 

3263~ 



Endothaii/038901/Interregional Research Project No.4 
DACO 6.4, 7.4, 7.8/0PPTS 860. 1400/0ECD IliA 8.4.3 and IliA 8.3 
Water, Fish, and Irrigated Crops- Irrigated Alfalfa 

TABLEC.l. Summary of Method Validation and Concurrent Recoveries ofEndothall from Alfalfa. 

Matrix Spike Level Sample Size Recoveries Mean± Std. Dev. 
(ppm) ("I (%) (%) 

Concurrent Recoveries 

0.05 2 70, 74 72 

Forage 
1.0 I 80 80 
2.0 I 91 91 

Total 4 70~91 79±9 
0.05 2 85,76 81 

Hay 
1.0 I 78 78 
2.0 I 77 77 

Total 4 76-85 79± 4 
Standard dev1at1ons are calculated for data sets havmg ?:3 values. 

TABLE C.Z. Summary of Storage Conditions. 

Matrix Storage Temperature Ac1ual Storage Duration Interval ofDemons1rated 
(OC) (days)1 S10rage Stability (days)z 

Forage $-18 66 
469 

Hay 73-83 
Interval from harvest to extrac110n for analysiS. Extracts were stored I 7 days pnor to analySIS . . 
Based on storage stability data from frozen tomatoes, lettuce, com grain, sugar beet roots, and soybean seeds (475207!9.der, 
under review). 

TABLEC.3. Residue Data from Alfalfa Crop Field Trials with Endothall Monoalkylamine Salt (SC!L). 

Trial ID Zone Crop; Variety Matrix 
Total Rate 1 PIH Residues (ppm) 1

' 4 

(City, Stale; Year) ppm lb ae/A (days) 2 

Velva, ND 2007 
7 Alfalfa; Forage 

6.58 0 
2.13 1.4t 

ND$20 NK9t9 H'Y 4.98 4.87 

Tilden, IL 2007 
5 

Alfalfa; Forage 
5.94 0 

2.24 1.99 
IL$30 cattleman's Hay 5.31 3.09 
The rate 1s expressed both m terms of1he concentration lll the 1rngatwn waler (ppm) and the tolal amount (lb ae/A) apphed. 

z The hay samples were cut at 0 OAT and field-dried for I or 5 days prior to collection. 
1 Expressed in acid equivalents. The LOQ is 0.05 ppm. 
4 The two results for each field trial represent two samples taken from a single plot, not two plots. 

TABLE C.4. Summary of Residue Data from Alfalfa Field Trials with Endothall Monoalkylamine Salt 
(SC/L). 

Total Applic. PHI 
Commodity 

Rate 1 (days) N Min. M~. 

Forage 5 ppm 0 2 1.77 2.12 

Hay (5.94-6.58) 0 2 4.93 5.20 
The value m parentheses IS the total appl1cat1on rate m tenns oflb ac!A. 

z Residues are expressed in terms oflhe free acid. The LOQ is 0.05 ppm. 
1 HAFT= Highest Average Field TriaL 
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HAFT 1 Median Mean Std. Dev. 
(STMdR) (STMR) 

2.12 1.95 1.95 0.25 
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D. CONCLUSION 

The available field trial data are adequate and support the use of endothall~treated water for 
irrigation of alfalfa. The data support the use of endothall in irrigation water at a concentration 
of 5 ppm ae, with no more that six applications per season, and a minimum ?~day interval 
between applications to the water. Residues in the alfalfa are determined at a O~day PHI. 
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